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ABOUT THIS BOOK 



This book describes the unique Intel 8088 
microprocessor, the outstancjifig choice for 8- 
bit microcomputer applications requiring 
both high performance and low cost. 

The Intel 8088 is the most powerful 8-bit 
microprocessor available today, yet as easy to 
use as other 8-bit microprocessors designers 
have used for years. 

Chapter 1 introduces the 8088 CPU with its 
key features that give it high performance, 
\yith overviews on the following topics: 

^ Pipelined architecture 

• Register resources ' ^ ' " ' 

• Memory addressing 

• Instruction set 

• System interfacing 

• Functional extensions 

Chapter 2 provides a detailed discussion of 
the programmer's architecture including: 

• Register set 

• Addressing modes 

• Instruction set 

• Assembly language 

At the end of Chapter 2 is a complete set of 
instruction set reference pages that describe 
each instruction fully, one at a time. 

Chapter 3 provides necessary information for 
the hardware designer to incorporate the 
8088 microprocessor into cost effective 
iAPX* 88 microcomputer systems. Included 
is a discussion of the following: 

• Bus Timing and Status 

• Bus Interface including interface to MUX 
bus devices 

• Memory and Peripheral Interface 

• Wait States 



• Interrupts * • 
■ Direct Memory Access ■ ■ n • 

• Reset 

• Building Large Systems 

i^tapter 4 gives some specific 8088 system 
design examples for |he simple to complex 
systems: 

3»* MtiWp!e"«e«}'btisi8fMall'ffS«teffls '- '■^ 

• Demuhiplexed systems with standard mem- 
ories and peripherals ; 

• SIOO Bus System > i i y ; j 

• iAPX 88 based CRT 

• MULTIBUS™ SjpjeP; u- A 

The Supplement provides an introduction to 
microcomputer concepts and terminology 
including: 

• What is a microcomputer? 

• What's inside the CPU? 

• What are machine cycles? 

• Wlmt are addressing modes? 

The Appendix contains the following data 
sheets and comparison benchmark reports: 

Data Sheets 

• iAPX 88/ 10 data sheet 

• 8284A data sheet 

• 8282/8283 data sheet 

• 8286/8287 data sheet 

Benchmark Reports 

• iAPX 88 vs. 6809 

• iAPX88vs. Z80 

Related Documentation: 

• The iAPX 86,88 User's Manual 
Contains complete design information on 
building iAPX 86 and iAPX 88 systems, 
including the use of 8089 1/ O processor 
and 8087 numerics processor extension. 
Several Application Notes are included. 



*iAPX stands for Intel Advanced Processor System 



Contains data sheets and application 
notes featuring Intel peripheral devicips. « 
• The Intel Compp^f^ l}ata,GalaJgg 
Contains data sheets for all Intel sen»- 
conductor components, including mem- 
ories and peripbeials: -v./ 

These books, and other documentation are 

Literature Department 
Intel Corporation 
3065 Bowers Ave. ' 

Santa Clara, CA 9S®M'(- ' ' > • ■ 

-' lilt, L»:'i- K^'^'-^.it. *' " '■ 
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tion of Chapter 2 was edited and reprinted 
with permission of H^ij^den Book Company, 

from The 8086 Prime>!i-h^3i&0m ffgMoES©. 
Copyright 1980. 

Furthermore, selected material was extracted 
ff'ttrothesfoUQiiiwgi^c^^^ >. i ' - i 

1) S.P. Morse, W.B. Pohlman, B.W. Ravenel, 
"The Intel 8086 Microprocessor: A 16-Bit 
ivolution of the 8080," Computer. June 
1978. 

2) S.P. Morse, B.W. Ravenel, S. Mazor, 
W.B. Pohlman, "Intel Microprocessors — 
8008 to 8086," Computer. October J98.0.; * 
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CHAPTER 1 
INTRODUCTION 



WHAT IS THE 8088? 



An iAPX 88* Microcomputer system has the 
three main elements typical to most compu- 
ter systems: The central processor ($Q88 
CPU), the input/ output pp^s, and mempry 

(Fig. 1-1). . 

The iAPX 88 is unique in many ways, how- 
ever, and the remainder of this chapter 
describes the basics of the 8088 CPU and 
iAPX 88 Microcomputer systems. 

One of the most unique aspects of the 8688 

is shown in the simple block diagram (Fig. 
1-2). The 8088 combines the powerful resour- 
ces of 16»bit midro^rocessor intern^ 
architecture with an easy-to-use 8-bit bus 
interface. The bus interface is easy for hard- 
ware designei^ beieatKe' k is sistiJar'tO! other 
8-bit microprocessors. In particular, most of 
the bus hnes are identical in function to the 
popular 8085 A. Those designers who have 
interfaced memories and I/O devices to 8085 

*iAPX refers to the entire microsystem built around 
tlie 8088 ePtft ~ 



microprocessors will find it easy to iilcorpo'' 
rate the 8088 into new systems. ' '"• 

16-BIT POWER ON AN 8-BIT BUS 

"Flie ihtMial-aTehiteicturt: provides 16- 
Mt wide registers, data paths, a 16-bit ALU, 
aiid a set of powerful 16-bit instructions iden- 
ticM'>f6 tiife biifesTtmrid in the popular 16-bit 
8086 microprocessor. 

With this new internal architecture, the 8088 
has features that were never before available 
lyith an 8-bit microprocessor. Among these 
features is a 20-bit memory address range 
and a 16-bit input/ output port address range 
for I/O cycles. This gives the 8088 a full 
megabyte (1,000,000-plus bytes) of memory 



16-BIT 
INTERNAL 
ARCHITECTURE 




8085A 
BUS INTERFACE 



BRINGS tS'BIT CAPABIUTY TO S-BIT 



Figure 1-^^ 9089 qi?U 
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addressability and 64,000 bytes of I/O 
addressability. 

The iAPX 88 instruction Sfet iadttdfts a fall 
complement of arithmetic operation^ incl\)dr 
ing addition, subtraction, multiplication, and 
division, on 8-bit or 16-bit quantities. This 
giyes the 8088 the highest computational 
throughput of any 8-bit microprocessor for 
numerics intensive appUcations. The 8088 
also has a complete set of string manipula- 
tion operations for performance and flexi- 
biUty in applications where large amounts of 
data are involved. , . 

To make efficient use of its megabyte of 
memory addressing, the 8088 provides the 
most powerful range of addressing modes 
available to the programmer; from simple 
immediate addressing (data contained in the 
instruction) to complex addressing built from 
four components (three registers plus imme- 
diate dataj. More details are pi-ovided on 
addressing modes later on ^ M^0lk{>ter. : 

The 8088 has bailt^m fiardtn^re support for 
multi-processor systems to coordinate re- 
source sharing of memory or peripheral 
devices among multiple processors. 

Finally, and possibly the most poWefful 

advantage: the 8088 is 100% code compatible 
with the 16-bit 8086 CPU. All the power of 
the 8086 16-bif mslractidn set is availabfe in 
the 8-bit 8088. So, iAPX 88 systems are easily 
upgradable to iAPX 86 16-bit systems because 
of this complete instruction set compatibility. 



HOW THE 8088 PIPELINED 
ARCHITECTURE INCREASES SYSTEM 
PERFORMANCE 

Figure 1-3 shows how programs are executed 
over time in a standard microprocessor.^ 
First, the microprocessor must fetch the 
instruction to be performed, then it executes 
^ itis^ction: Only zfteffJ the ^x^tion % 
complete is the CPU ready to fetch in the- 
next instruction, execute that instruction, etc. 
as the program' proeeedS' tfrafflf^lsfeginiiiflg to 
end. 

The CPU hardware that executes instruc- 
tions must obviously waif until the 
instruction is fetched and decoded before 
execution begins.. Therefore, in standard 
microprocessors, the 'execution • hardware 
(primarily the control circuitry and the 
arithmetic and logic unit) spends a lot of time 
waiting for iffistrticAidrtS't'iDr be fetched. Thh 
8088 eliminates this wasted time by dividingl 
the internal CPU into two independent func-^ 
tional units (Fig. 1-4). 




SYSTEM BUS 



PIPELINED ARCHITECTURE DELIVERS HIGHER 
PERFORMANCE WITH REDUCED BUS "DEAD 
TIME" 



F'lifupe 1-4. ^pejined internal Architecture 
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Bus'lntei^ace and Exeeufion Gli!tit8 ' 
Work in Parallel i f ; 

The 8088 has a separate bus interface unit 
called the BIU whose only job is to fetch 
instructions from memory and pass data to 
and from the execution hardware to the out- 
side world over the bus interface. Since the 
execution unit and the bus interface unit are 
independent, the bus interface unit fetches 
aVtditioii^l iiistmctiohs wffile the execution 
unit (sometimes called the EU) executes a 
previous instruction. This is made possible 
by the instruction pipeline- {or queue) 
between the bus interface unit and the execu- 
ribn unit; the bus interface unit fills this 
pipeline with ittslructibns awaiting execu- 
tion. Thus, whenever the execution unit 
finishes executing a given instruction, the 
next instruction is usually ready for imme- 
diate execution without delays caused by 
instruction fetching. Figure 1-5 shows paral- 
lel fetching s|ad exeeutii^i m the CPU. 

BENEFITS OF PIPELINING 

Because the BIU is usually busy fetching 
instructions for the pipeUne, the 8088 bus is 
liaore fully utilized making efficient use of 
the iAPX 88 system bus structure. Parallel 
fetching and executing also gives the 8088 
almost as much performance as a micropro- 
cessor that moves data 1 6-bits at a time. 



Another benefit of the parallel operation is 
that since the execution unit seldom needs to 
wait for the BIU to fetch the next instruc- 
tion; there is less need for the BIU to fetch 
data quickly. Thus, the 8088 BIU allows 
maximum performance and processing 
power>with0iflffaii^l8p«*d ineimbiy devices in 
the system. 

The only time instruction fetch time is not 
totally transparent is when program execu- 
tion transfers to a new, non-sequential 
address. When this happens, the bus inter- 
face unit is given the new address by the 
execution unit; it then begins fetching instruc- 
tions sequentially from the new address. The 
execution unit must wait for the next 
instruction to be fetched the way most 
microprocessor units wait for every instruc- 
tion to be fetched. After the first instruction 
is fetched from the new location the bus 
interface unit again continues to fill the pipe- 
line with instructions and fetch-time be- 
cqii^es transparent^ ^. , ^, , , , ..^ , 

HOW THE 8088 REGISTER RESOURCES 
PROVIDE EFFICIENT PROGRAM CODING 

Figure 1-6 provides an overview of the regis- 
ters available in the 8088 GPU.- The 8088 
provides the largest number of continuously 
available registers of any 8-bit microproces- 
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Figure 1-5. Parallel Operation in 8088 CPU 



1-3 



INTRODUjCTJON 



sor. Within the general register group there 
are eight 1 6-bit registers. Four of these can be 
referenced alternately as either 16-bit or as 
eight 8-bit registers. All of these registers are 
available to the programmer for general pur- 
pose activities. I i , ijii 
In addition to the general registers, there are 
two 16-bit control registers and four 16-bit 
s^egnient Registers. The function of all.,8Q^§^ 
registers is described in more detail in the. 
following paragraphs. , . , , 
Data- Registers ■ ••"r'--' t'. r-^ ■>'^-,-<''^^n 

The data group registers which, in their 16-bit 
form, are the AX, BX, CX and DX registers 
(Fig. 1-7). For 8-bit operations they are 
broken up into a high byte and low byte. AH 
is the high byte of the AX register, AL is the 
low byte of the AX register, and so 6n. A^ 
mentioned, these registers have general usage 
for simple arithmetic and logical operations. 

Some registers have additional special func- 
tidSs MM'i^k'pMdrmeii in the execution of 
certain instructions. For example, the CX 
register is frequently used to contain a count 
value during repetitive instructions. The- BX 
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register is jJissd as. a base register in some of 
the more powerful addressin^®te^.'' ^ ' 

Pointer and index Registers 

Figure 1-8 shows the pointer and index regis- 
ters. The BP and SP registers both point to. 
the SbSS's stack, a linear array in the 8088 's 
memory used for subroutine parameters, 
subroutine return addresses, or other data 
teinporarily saved during execution of an 
8088 pro-am, ( .,. , ., 

Most microprocessors have a single stack 
pointer register called the SP. The 8088 has 
an a^<]^Y2@nai,p®intpr4ntc>^the:s^tack (mlM 
BP or the base pointer register. While the SP 
is used similar to stack pointers in other 
m^hipelt :(fAi^.j>oi;|tiiig t^-, subroutine .aadi 
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interrupt return addresses), the BP register is 
available to the programmer for whatever use 
he desires. The BP register can contain an old 
stack pointer value, or it can mark a place in 
the subroutine stack independent of the SP 
register. Using the separate BP register to 
mark the stack saves the juggling of a single 
stack pointer to reference subroutine parame- 
tsrs aoda^dresses. ' 

The two index registers are the SI (source 
index) register and the DI (destinatimiindex) 



register (Fig. 1-8). These ' are bOtH' Tg-Tjits 
wide and are used by string manipulation 
instructions and in building some of the more 
powerful 8088 data structures and addressing 
inodes. Both the SI and DI registers have 
kuto-incretnenting and auto-decrementing capa- 
bilities. Alf'fease'lantf index re^sters have 
general arithmetic and logical capabiMes m 
addition to their special functions. 

f — I 

Control Registers 1 

Figure 1-9 shows two 16-bit control registers. 
First is the IP or instruction pointer which 
points to the next instruction the bus inter- 
face iinit will fetch. (The instruction pointer is 
similar to a Program Counter used in other 
tnicroprocessors, except that the IP points t^^ 
the next instruction being fetched, whereas 
the traditional program counter points to the 
pext instruction to be executed). The second 
■16-bit control register (Big. J.-9)x;ontains flags 

ior condition codes that reflect the results of 

! 

i • . .-- 



arithmetic or logical operations- they 'a#© 
performed by the execution unit! 

Segment Registers 

The fourth group of registers, called the seg- 
ment registers, are used by the 8088 in the 
formulation of memory addresses.. Segment 
register usage jUi descjdbed in the .following, 
section on memory addressing. 

THE lAPX 88 MEGABYTE MEMORY c ^ 
ADDRESSING MEANS QUICK ACCESS 
TO COMPLEX DATA STRUCTURES'^ "foH 

As 'iflis*fli<toed, the 8088 generates a 20-bU 
memory address during every memory refer- 
ence operation, to address one million 
(1,048,576) bytes of metnory. These bytes are 
stored sequentially starting from byte to 
byte FFFFF in hexidecimal or base 16 nota- 
tion. The<8i(i88<has^hree uses for the memory 
it addresses: programs, data and stack. The 
8088 may separate data into "local data" used 
by a particular program segment and "^obal 
data" accessable to all program segments. 
Alternately, you may have tvyo data areas 
accesssable.to agiven^prpgr^jp at any pqmt^x 
time. 

Every 20-bit memory address points either tp 
program code, data, or stack area in memory 
(Fig. 1-10). For each of the four different 
memory spaces, the 8088 has a segment base 
register. E^cb-segment register points to thei 
base addr^ of the ' corresponding area in 
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^m^fCIyg, 1-11). The code segment regis- 
ter points to the base of the .prpgi^!};^ 
currently running. The stack segment register 
points to the base of the 8088's stack, the data 
S8g«mi*j^ r(?j^f*ier poihts to the base of one 
data area, and the extra segment register 
points to the base of another area where data 
SOi'^ stored. Each segment register is 16-bits 
wide, and one of the four is used in the com- 
putation of every memory address that the 
8088 generates. 

How ara4td{dn9smiEi^9i39t»^j<(Mon gt 

Every time the 8088 needs to generate a 
memory address, one of the segnient registers 
Ucfttttofnaj^Uy ehqsen and ^di^-toa hgi' 
cal address {Fig. 1-12). 

For an instruction fetch, the code segment 
re^iSfteP 'is' tfUtoffli^teilly added t8 -ife'tegifcaf 
address (in this case the contents of the 
instruction pointef) to compute the value of 
tfieihstrQbtieiifidamSs'c'-' ''•'-ftn^> VKm >iV^>' 

For an operation referencing the 8088's stack, 
the stack segment register is automatically 
added to the logical address (the SP register 
ibnferite) *t6 febtti]^ti4^'«iK V**»&'^if4fi^stack 
address. 

For data reference operation, where either 
the data or extra segment registets are chosen 
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CONTENTS OF 8088 SEGMENT REGISTERS 
POINT TO THE BASE ADDRESS OF THE 
CORRESPONDING AREAS IN MEMORY. 



Figure 1-11. Segment Registers 
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as the base, the togical address can be made 
up of many different types of values: it can be 
just the immediate data value contained in 
the instruction, or, it can be the sum of an 
immediate data value, plus a base register, 
plus an index register.,! ; . 

For the sum of the addition to be 20-bits 
\vide, the segment register value is automati- 
cally shifted left by four binaryl^itsjjradre it 
is added to the 16-bit logical address. The 
result is always 20-bits of physical address. 

Note that since logical addresses are always 
i6-bits wide, you can address up to 64,000 
bytes in a given segment without changing 
the value of the segment base register. In sys- 
^ms that do not have more than 64,000 bytes 
of program plus 64,000 of stack, plus 64,000 
bytes in each of two different data areas, it is 
possible to set the segment registers at the 
beginning of the program and then forget 
them. In a system where the total amount of 
inemory is 64,000 bj^i^f^Ms, it is possible 
set all segment registers equal and have 
fully overlapping segments. _ 

On the other hand, segment registers are very 

useful when you have a large programming 
task and you want isolation between your 
prbgram code and the data area or isolation 
between module data and the stack informa- 
tion, etc. Segmentation also makes it easy to 
|)i ftdTwlocatabte and/ or reentrant programs; 

ftetOCATABLE AND REENTflANT 
PROGRAMS 

In many cases, the task of relocating an 8088 
»rpgram (relocation means having the ability 
1 olrun the same program in several different 



relative only to the instruction pointer, the 
program does not care what value is kept in 
the code segment registSf. Figure 1-13 shows 
how an entire process, consisting of code, 
stack and data areas, can be relocated. 



in ja reentrant ^progmm, a single 
program usei.mult^)le data areas. Before the 
reentrant code is entered the second time, the 
data seginerit register value is changed so that 
a different data area is made available to the 
program. 

I 

ADDRESSING MODES 

Now, let's continue our discussion of address- 
ing modes, providing more detail about how 
addresses are formed. 

The 8088 has 24 different addressing modes 
to generate logical addresses. Figure 1-14 
shows the different logical address combina- 
tions, from the simplest immediate data 
mode to the register addressing mode, where 
a selected register contains the data being 
used by the instruction. In the direct address- 
ing modp^, the instruction itself contains the 
address of the data. In the register indirect 
mode, the instruction points to a register con- 
taining the memory address of the desired 
data. There are both indexed and based 
addressing modes where the contents of an 
index or based register is added to an imme- 
diate data value contained in the instruction 
to form the memory address. 

Exactly how the 8088 selects an addressing 
mode for a given instruction is encoded 
within the bits of the instruction code. This is 
discussed in more detail in Chapter 2. 



im 



of memory without_.chan^n^ the pro-^ ^ Jtf we examine the most cojjjplej^ and power- 
itself) simply^ TnsiqHtreiiinwwing ^1l^eTr>^&il:S^flIeRa^ laad^^'which 'includes 



program code and then adjusting of the code 
segment register to point to the base of the 
new code area. Since programs can be writ- 
ten for the 8088 where branches or jumps in 
program flow may occur using new locations 



base register, index register, and displace- 
ment in the logical address, it can be seen that 
some fairly coiinplex ^ata structures can be 
easily addressed in a single instruction by the 
8088. 
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:.r.o ri ^sn TO RELOCATE AN ENTIRE PROCESS MOVE THE CODE, 

STACK, AND DATA, AND UPDATE THE SEGMENT REGISTER 
CONTENTS TO POINT TO THE NEW Areas. 
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MODE 


LOCATION OF DATA 


IMMEDIATE 


WITHIN INSTRUCTION i ' ■ ■ 


REGISTER " 


"IN REGISTER - '^'-^'-^ . ■ • 


DIRECT 


AT MEMORY LOCATION POINTED TO BY ADDRESS CONTAINED IN 

INSTRUCTION. 


REGISTER INDIRECT 


AT MEMORY LOCATION POINTED TO BY ADDRESS CONTAINED IN 
REGISTER. ... . . 1 . . 


' INDEXED OR BASED 


AT MEMORY LOCATION POINTED TO BY SUM OF INDEX REGISTER 
OR BASE REGISTER CONTENTS AND IMMEDIATE DAtA CONTAINED 
IN INSTRUCTION. 


BASED AND INDEXED 
WITH DISPLACEMENT 


MEMORY ADDRESS IS SUM OF BASE REGISTER CONTENTS AND 
INDEX REGISTER CONTENTS AND IMMEDIATE DATA. 



THE LOCATION OF DATA IS REALLY THE LOGICAL ADDRESS, VJm§rtMj/Kmm'J-<3sTMEmB.W&iJ:- . i 
REGISTER VALUE TO FORM THE PHYSICAL MEMORY ADDRESS. 



Pigure 1-14. IMPX m fia^Hm^n^ Modes 
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FOUR-COR^Pq^NENT ADDRESSING 

An example of fourrcomponent addressing 
(three-eomponent logical address plus seg- 
ment base) is shown in Figure 1-15, and is 
described as follows: 

Suppose you're writing a program to com- 
pate^ p&^oU ifocalarge cor^oratioiiv TMs 
corporation has several groups of employees. 
Within each group there are multiple em- 
ployees, aud #»iF e^h empl^^ Certain data 
is kept in a record of information. Included 
in this data are the employee's address, social 
seciiiity number, and a wage code mdicating 
how much that employee is being paid. 

The taskat hand is to select the' w^e code for 
a particular employee from the entire Com- 
dex array of employee data. The 8088 can do 
it-iwith a single instruction after the registers 
aie set up. Hcre'^s how: First;' set' thie d^ 
segment register to the base of the employee 
data, set a base register such as BX to contain 
the offset number of bytes betwmi the^ 
employee data base address and the start of 
the data that applies only to the desired 
group of employees. Next we set an "Index 
register such as SI to index to the desired 
employee's information within the given 
group of employees;; Filial^, We use an abso- 



lute displacement value to point to the given 
employee's wage code within the employee's 
dimmed'. > • "-5 - r- ■ • 

The single instruction MOV AX, [BX + SI + 1 2] 
then, will select the appropriate employee's 
wage code. To implement the same function 
with any other 8-bit microprocessor would 
require multiple instructions to build the 

Symiti^ric Use'^t M^eMor^ ' 

Another way these powerful addressing 
modes work is that memory locations can be 
used as either sOiitc^ ic^f- dtestination operand 
of most instructions. A single 8088 instruc- 
tion can perform a logical AND between the 
conteiits of a jgivelt lilemory address and an 
immediate data value, and store the results 
back in the same memory address. The equi- 
valent fiinctibfa would take mvLUip^e' 
instructions on an 8-bit processor such as 
an 8080. It is as though you can treat any 
memory location as a CPU register for sim- 
ple arithmetic and logic operations. Follow- 
ing are several operations which can be 
performed directly on fniMWry location^.' ' 
AND [memory address], 7FH 
OR[BX + SI+ 12], 1F80H 
ADD [memory address], 2500 



PAYROLL 
DATA 



c 



DISPLACEMENT = 12 (WAGE CODE) 



INDEX 

BASE 

SEGMENT 



<^SI(EMebOYEE#N) 

= BX {EMPLOYEE GROUP) 

= DS(PAYfiOLL SEGMENT) 



MOV AX,[BX + SI + 12];GET WAGE CODE 



THE 8088'S POWERFUL 16-BIT 
INSTRUCTION SET 

The 8088 has the most powerful instrtfctiotes ' 
of any 8-bit microprocessor. In addition to 
the standard instruction types you would find 
on other 8-bit machines, the 8088 offers 
powerful 16-bit instructions that perform the 
functiqn of multiple instructions on older 
8-bit architectures. Figure 1-16 through U2l 
show the various grpupinj^ ?md ^les iBstryc-. 
tion names. 

The 14 data transfer instructions (Fig. 1-16) 
move single bytes and words, between memory 
and registers as well as between registers AL 
or AX and I/O ports. The stack manipula- 
tion instructions are included in this group as 
are instructions for transferring flag contents 
and for loading segment registers, 

8088 arithmetic opfafetions (Fig; l-'ll^ may be' 
performed on four types of numbers: un- 
signed binary, signed binary integers. 
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GENERAL PURPOSE 


MOV 


- Move byte or woFd> . - 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


XCHG 


Exchcinge byte or wotd 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or vyord -, 


ADDRESS OBJECT 


LEA 


■ " 'U'dad effectlve address ' 


IDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


iMf ' 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 


Figure 1-16. Data Tran9CKtiiseiett6i»'')bA 



unsigned packed decimal and unsigned 
unpacked decimal numbers. Binary numbers 
may be 8-bits' or. : sl6^bits long, decimal 
numbers are stored in bytes, two digits per 
byte for packed decimal, and one digit per 
byte for unpacked deciinal. 

Tlfo 8088 provides three groups of bit manip- 
ulation instructions (Fig. 1-18) for 
manipulating bits within bytes and words 
and for performing logical si^ts aad rotates. 
The logical instructions include the Boolean 
operators NOT, inclusive OR, exclusive OR, 
plus a TEST instruction that sets the^fla^ 
but does not alter either of its operands. 

The bits in bytes or words may be shifted 
arithmetically or logically by the shift instruc* 
tions. Up to 255 shifts may be performed 
according to the value of the count operand 
coded 4a the instriiction. The iddunt may be 
specified as the constant "1" or as the con- 



:-;'Vj;-. ADDITION ' ' ' 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Incremeiit'byte of word by 1 ' 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUSmACTION : 1 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword.. 
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tents of register CL, allowing the shift count 
to be a variable supplied during program 
execution. Bytes and words ^Isp, may be 
rotated. Bits rotated out of an operand are 
not lost as in a shift but are circled back into 
tiip,other 9^d,pf tj^op^^d^.-.r, > "MO<'t ( 

iHoWERFUL STRING PROCESSING 



: basic stiiing instructions called primitivM 
allow a string of bytes or words to be oper- 
ated on, one byte or word at a time. Strings 
of up to 64K bytes may be manipulated with 
these instructions. Instructions are avaikble 
to move data from a source string to a desti- 
nation string, or to compare two strings, or 
to scan one string for a given value. Ip addi,- 
tion, string instruction's irei provided to Move 
string elements to and from the AX register 
in the 8088 (Fig. 1-19). 

The specified operation is performed only 
once when the string primitive is encountered 



LOGICALS 


NOT 


"Not" byte or word _ 


--- ■ — 
' AND 


r. "And." byte or word J 


'or 


■'Mnclusive or' ' byte or word ' ^ 


XOR 


"Exclusive or" byte or word ■ 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arittimetic ieft 




byte or word 


SHR 


Shift logical right byte or word 


' SAR 


Shift arithmetic right byte or 
word 




ROL 


Rotate left byte or word 


.RQR. 


- Rotate right byte or word 




' RCL 


' RotatfelWrough carry left byte 
or word 


. RCR 


Rotate through carry right 

byte or word 



in the program. If the programmer desires 
the operation to be performed repetitively, 
sneh ^'ifi a block or string manipulation 
operation, the basic string primitive may be 
proceeded by a special one byte "prefix" that 
causes the instruction to be repeated by the 
hardware. This prefix is called REPEAT. 
The use of the REPEAT prefix allows long 
strings to be processed much faster than 
would be possible with a software loop. The 
repetitions can be terminated by a variety of 
conditions and a repeated operation may be 
interrupted and resumed. The CX register 
counts the number of times the string opera- 
tion is performed. 

When the 8088 moves a 16-bit quantity, it 
does so 8 bits at a time automatically in the 
hardware: Because of the variety of string 
operations and the fact the 8088 can move 
both 8-bit and 16-bit quantities using its 
strirtf insttuctimsV the '8088 has the most 
powerful string proce^ing'iapabillties of any 
8-bit microprocessor. 

The program laranrfer instructions are shown 
in Figure 1-20. These instructions redirect the 
flow of instruction execution to other loca- 
tions in memory and many of them are 
- equivalent to-in^Fuetients found in other 8-bit 







MOVS 


Move byte or word string 


MOVSB/MOVSW 


Move byte or word string 


CMPS 


Compare byte or word 
string 






SCAS 


Scan byte or word string 






LODS 


Load byte or word string 


STOS _ 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not 
equal/ not zero 



Figure 1-18. Bit Manipulatton4liMtniM«lM«»r'^»<~(e^ ' ^'^s^Q*^'^' ' ^s^^^^19. SMng instructions 
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microprocessors. The 8088, however, offeis 
much more flexibility in how an instruction is 
performed. The unconditional transfer instruc- 
tions may transfer control to a target 
instruction within the current code segment 
for an intrasegment transfer, or to a different 
code segment with an intersegment transfer. 
The transfer is made unconditionally any 
time the instruction is executed. An intra- 
segment transfer is always made relative to 
the current value of the instruction piointer. 
Program segments which only use intraseg- 
ment transfers are, therefore^, relocatable in 
memory. The conditional transfer instrtiiC'' 
tions may or may not transfer control, 
depending on the state of the CPU flags at 
the time the instruction is executed. 

The 18 instructions (Fig. 1-20), each test a 
different combination of flags for a condi- 
tion. If the condition is true, control is 
t^ja£e^^.i.o the target address specified for 
tltc iastree(iiaft.^lf tjie condition is false, then 



{jsntrol passes to the instruction that follows 
the conditional jump. ' ^ ' 
The iteration control instructions regulate the 
repetition of software loops. These instruc- 
tions use the CX register as a counter. The 
LOOPNE instrUfcfion for ' ihstaiice decre- 
ments a count, checks to see if the count is 
zero, and branches back to the beginning of 
the program loop. The equivalent function 
would require multiple instructions in an 
older 8-bit instruction set, such as the 8080's. 

The interrupt instructions allow interrupt 
service routines to be activated by both pro- 
grams and external hardware devices. The 
effect of software initiated interrupts is sim- 
ilar t^ hjaj ^jj^ap, jnitiated interrupts. 

The. processor (Control instructions (Fig. 1-21) 
allow programs to control various CPU func- 
tions to update flags and to synchronize the 
8088 with external events. Finally, the NQP 
instruction causes the 8088 CPU to do 
nothiiig. 
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UNCONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


CALL 


Call procedure 


JAE/JNB 


Jump If above or equal/not below 


RET 


Return from procedure 


JB/JNAE 


Jump If below/not above nor equal 


JMP 


Jump 


JBE/JNA 


Jump If below or equal/not above 






JC 


Jump If carry - _ . - . , 


ITER«mirC0WTROLS 


JE/JZ 


Jump If equal/zero _ 






JG/JNLE 


Jump if greater/ nottess rtor equal 


LOOP '»ftl:itrv 


Loop 


JGE/JNL 


Jump if greaterorequal/'noii#i|s 


LOOPE/LODPZ 


Loop if equal /zero 


JL/JNGE 


Jump if less/not greater nor equal 


LOOPNE/LOQPNZ 


Loop if not equal/not zero 


JLE/JNG 


Jump if less or equal/not greater 


JCXZ ' 


Jump if register CX = 


JNC 


Jump if not carry 


JNE/JNZ 


Jump If not equal/not zero 


INTERRUPTS 


JNO 


Jump If not overflow 






ixHMPAJPO 


Jump if not parity/parity odd 


INT 


Interrupt 


JNS 


Jump If not sign 


INTO ■ , - 


Interrupt if overflow 


JO , 


Jump If overflow 


. .. Hal'rl'h. 

IRET 


Interrupt return 


laprjPE 


Jump If parity /parity even 


1 


•I'VI : v., 'J , 


JS 


Jump if sign 
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Well-Planned Instructions 

TM 8088 iifttracUons can be froH* ehe byte 

to seven bytes in length, dependifl^ Ofl'i&e 
number of operands and imifiedi^^'^d^' 
fii^ included in ifhelnStnictidn. <1^t caw 

has been taken in the design of the instruc- 
tipri set to allow for efficient progrftips to be 
written. The 8088 instructions need -not Ijc 
word aligned (starting at even addresses) con- 
trary to many other 16-bit instruction sets, 
therefore sa^nf i5*lgs< ©irt(ll»wfedP'W«8*^(M is* 
also possible to use one-byte constants, one- 
byte, di§placeinents, and jump offsets, saving 
code when, GjGpinpareid I , ysitlfQ other machmes 
that always require 16-bit quantities be used. 

The 8088 instruction set also has been 
designed such that some registers are always 
fused for certain functions. The CX register, 
for example, is used for a count value by 
some repetitive instructions. This implied use 
of registers allows shoiler programs because 
the register address need iQOt^ contained in 
ithbse instructions. ; . 

iB^cause of the symmet|ieus&«f memory and 
jthfe ability to build sophisticated data struc- 



! FLAG OPEiftTIONS-^ 

■ I 


STC 


" Sfet carry flag 


CLC 


Clear carry flag 


iCMC 


Complement carry flag 


STD 


Set directlcfn flag 


CLD 


Clear direction flag 


STI 


Set interj-upt enable flag 


jCLI 


Clear Interrupt enable flag 


1 EXTERNAL SYndHRONIZATION 


WLL . 


HajluntjUnlerrupt or reset ' 


WAIT 


Wait for TEST pin active 


ESC 


Escape to external processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


_,NOP 


No operation 



Rgure 1-21. Processor CM^ialliitMlliisiitfoeti . 



tures using the: 8088 addressing modes, the 
8088*» in$^ction set is ideal for the imple- 
mentation of higher level languages. And 
because the instruction set is bit-efficient, the 
hi^errlevel language programs consume less 
memory. Benchmarks have shown that the 
8088 can generate both assembly language 
and higher level language programs with 30% 
less source and object code than other 8- and 
16-bit microprocessors. This code savings 
results in both higher performance and lower 
memory cost. The instruction set of the 8088 
is discussed in more detail in Chapter 2. 

INTERFACING THE 8088 IS EASY, 
FLEXIBLE 

We have talked at some length about what 

goes on inside the 8088, what its instruction 
set is and the resources available for the pro- 
grammer. Following is a biief- overview of 
how the 8088 interfaces with other compo- 
nents in an iAPX 88 system. 

Figure 1-22 is a simple diagram showing 
some of the bus interface lines that are pro- 
vided on the 8088 CPU chip. The 8088 is 
shown here opposite the 8085A, another 
popular 8-bit microprocessor, to emphasize 
the similarity between the two , interfaces. 
Both the 8088 and the 8085A time-multiplex 
the low order 8 bits of the address bus with 
the 8- bits of the data bus. This means that 
during part of an 8088 machine cycle, the 8 
bits of the multiplexed bus (AD0-AD7) con- 
tain address inform^^p, and during the 
remainder of the machine cycle the same 8 
hnes contain data being transferred to/ from 
the 8088. On both the 8088 and the 8085 A 
there is a control Une,' called ALE, which sig- 
nals when the multiplexed address and data 
hnes contain address information. ALE can 
be used to enable an external latch to latch 
up the address for the remainder of thej 
machine cycle. 
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The next higher order address linfes,' Ag 
through A 15, are present throughout the 
machine cyele on both the 808& and the 
S^SSA: Note' that the 8088^ hlffs f&tif tttfiel^ 
address Hues, Ajg throiigh A19 not present 
on the 8085A ana -vs^Meh- tfte 8088 time- 
mUlMl^texe^ ' with' '^art^f^iifiPd^Malofl ^d utMg 
the rnachine cycle! 

The three control Hnes RD, WR, and 1/ O M 
signal the actual data transfer during a 
machine cycle, whether the 8088 is reading or 
writing, and whether that transfer is taking 
place with respect to 1/ O devices or memory 



devices. Also, the 8088, lke'tht'8085A,-M* 
other lines containing cycle status infor- 
mation ;ay4ila,l3!le at Jhe beginning; : of thg 
BMiehine.Cyfile. to infornl other devices in thft 
system what type , of > machine .cycle . is being 
performed. 

There are several other control lines used 
v^^H 'the>'«r88i'SUch» as ■ interrupts, HOLD; 
REAB^i-Si^CMftetSfof^dyils':;. - 

- ' koil'J'.y'-VrCli liW-di iiirisr -•<;: : )} -t;t,. 

PiS^ause the 8088 is so much like the 8085A, 
may connect the 8088 directly to a whole 
fanrily of multiplexed bus' dSffiSpdhfents de- 
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signed for the 8085 A, without additional 
interface logic. Figure 1-23 shows just a small 
system. The multiplexed bus componefnts are 
thei.8155, the 8355, 875,5A, and the 8185. 
Bach of these contains kn internal address 
latch that demultiplexes internally the 8088's 
bus. The multiplexed bus devices are highly 
integrated as they combine multiple functions 
to providefa'low cost; high-functionality sys- 
tem in a very small number of components. 
The 8155 contains 256 bytes of static RAM, 
22 parallel I/O Hnes, and a 14-bit timer/ 
counter. The 8355 and 8755A contain 2K 
(2048) bytes of either ROM or EPROM, and 
16 parallel I/O lines. The 8185 is a IK byte 
static RAM in a narrow 18-pin package. 
Note also in Figure 1-23 that tfi? 80^8 )i|§ies„^n 
external clock generator chip called the 
8284A.There is another multiplexed-bus 
memory called the 21821, brand new, that 
adds 4K bytes of RAM memory to an iAPX 
88 system. 



ByLUbDtNG A {STANDARD INTERFACE 

Most applications, of course, require more 
memory or I/O capacity than provided by a 
multiplexed bus system Uke the one just des- 
cribed. In the average system, the designer 
Wotitd like to use some commonly available 
non-multiplexed RAM chips for data stor- 
age, some standard EPROM or ROM chips 
for program storage and some special peri- 
pheral devices. To build a standard non- 
multiplexed bus structure, a whole family of 
support components are provided for use 
with the 8088. These support 'gfevfces kie 
shown in Figure 1-24. 

The 8088's bus can be demuhiplexed very 
e^iUy using an,,82,82 or, 82§3 latch as shown in 
Figure 1-24. The 8282 is a non-inverting 8-bit 
latch in a narrow 20-pin package. The 8283 
provides inverted outputs over the bus ("1" 
inputs become '*0" outputs and vice versa), i 
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To provid@d>ltta drive «apaMi^ fortliedttM- 

lines, the 8286 and 8287 8-bit transceivers are 
available; the 8287 being the inverting versioii 
of the 8286. Also shown in Figure 1-24 is the 
8288 bus controller. This optional system 
device decodes some status information 
coming from the 8088 CPU to provide 
special control signals for the bus. The 8288 
provides separate memory read, memory 
write, I/O read, and I/O write control 
signals. Without the 8288, the_ 8085A- 
compatible RD, WR, and ID/ M signals 
would be used. ., ... . ■ 

Also shown in Figure 1-24 is the 8289 bus 
arbiter. It is also an optional component used 
itf mute^i*iast^ iAPX 88 systems. A multi- 
master system could be one where multiple 



SOSi'S •sharereodtrol of thei'multi-nsastdr bus: 

At any one point in time, only one of the 
several 8088's would be allowed to take 
cdrittol^f fliebus td acc^i ai shared'tFe&ouvce 
such as a memory. Each 8088 would have its 
own 8289 bus arbiter. Handshaking signals 
bttwesett' the 8289's efcsurcithat.' only one of 
the possible masters takes control of the bus 
at a time, thus preventing conflicts between 
titem:' '■■ 'n : .Wn..i(; !'t rvr' r- u: r« 

Once the standard bus structure is created, 
the 8088 interfaces easily with standard 
iftembry and peripheral devices'. In fact, the 
performance requirement on memory devices 
and peripherals imposed by an 8088 is much 
lighter than any other high-performarfce 8-bit 
microprocessor. 
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iAPX 88 PERFORMANCE IS 
COST EFFECTIVE 

Figure 1-25 shows the' 8088% meinafbiS' speeB 
requirements compared to other 8-bit micro- 
processors. The memory access times listed 
refer to the linte available frort ^*ll6n >tfie 
address first comes out of the CPU during a 
memory read machine cycle until the data 
must be' a^l^&lfe eotxnng back from the 
memory into the CPU. 

The 8088 running at 5MHz allows 460ns for 
memory devices to receive the address and 
return the data. The fastest Z80 and the fas- 
test 6809 allow only 140ns and 320ns 
respectively for the same activity to take 
place. This means that the 8088 can offer its 
full performance while using slower and pre- 
sumably cheaper memories than any other 
high-performance 8-bit micropro- 
cessor. 

Note that according to the benchmark 
reports in the Appendix, the 5MHz 8088 use 
slower memories while offering an average of 
30% more performance than either the 
2MHz 6809 or the 6MHz Z80B. 

How does the 8088 offer higher performance 
I yet use slower memory devices? The main 

reason is that p^!&&l -iA^mction fetch and 
j execute using the maractioiri^qseline allows^ 



the bus interface to be much more relaxed 
while execution takes place at the full speed. 

8088 can run at full speed Using readily 
available 450ns EPROM devices whereas its 
counterparts, the 68B09 and Z80B require 
'wMt States in their machine cycles to do the 
same. 

PROCESSOR EXTENSIONS FOR 
FLOATING POINT ARITHMETIC 
AND HIGH SPEED I/O 

Up to now, we have justified that the 8088 
CPU offers a>4oi e^ performance of its own 
right, and many systems will be built around 
the 8088 as the only central processing unit. 
Note that there are other ways to expand on 
the 8088 architecture to add additional pro- 
cessing power to the basic CPU. These 
additional prtK«ssing modules are called pro- 
cessor extensions. There are two processor 
extension chips that can be added to the 

Numerics Processor Extension 

The iAPX 88/20 is an optional numerics 
processor extension (NPX) added alongside 
the 8088 CPU. This configuration has thd 
effect of adding the additional set of numerics 
instructions to tj^e, 8088 instruction set. The 
'^'•yPX j>icis its-^Mn insismctions btit ofj the 
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8088 instruction stream. The instructions that 
the NPX interprets as special purpose numer- 
ic, instructions are regarded almost like 
"no-Qperations" for the 8088. The NPX con- 
tains an additional register set of eight 80-bit 
floating point registers which are mani- 
pulated with by the additional numerics 
instructions. Together, the 8088 with the 
NPX have approximately 100 times the per- 
formance of a standalone iAPX 88 system 
for numerics-intensive applications. 

I/O Processor 

Tfte 8089 lOP, on the other hand, does not 
receive instructions from the 8088 instruction 
stream. It is a separate microprocessor of its 
6wn right with -its own instruction set. The 
lOP is an input/ output channel processor 
and off-loads I/O interfacing from the 8088 
general purpose GPU. The lop's instruction 
set, different from the 8088, is specifically tai- 
lored for peripheral control and high speed 
data transfer. W«li-tliei?P(SF, it% fj^is^Md 



configure a dual-bus system, where the 8089 
interfaces with peripheral devices on a separ- 
ate "local" rbtisi/ .^liile the 8088 runs its 
application programs in parallel, interfacing 
with memories over the system bus. 

Hie TOP has a high-^peed-rdirect memory 

access (DMA) mode that transfers data 
between memory and peripherals or between 
memory arid ihejHBEwy at li.25'!iMgabytes per 
second. The lOP is also capable of on-the-fly 
processing activities such as masked coin- 
parison operations or data translations. If 
you have an application that requires very 
high performance floating point numerics 
capabiUties, numerous peripheral devices, or 
very high performance peripheral devices, the 
NPX and lOP should be considered for 
inclusion in your system. More information 
on these devices is contained in other manu- 
als from Intel. This book will focus on single 
CPU-systems build around the 8088 alone. 
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REVIEW 

This chapter has provided a basic intro- 
duction to the 8088 CPU and iAPX 88 
systems. 

The 8088's pipeUned architecture efficiently 
uses the available bus time to maximize CPU 
performance and make it possible to get 
increased performance, even with slower 

memory devices. 

The 8088's register set makes a large number 
of 16-bit registers available and some registers 
have special functions allowing more efficient 
instruction encoding for compact programs. 

The 8088's addressing modes provide quick 
access to complex data structures. 

The 8088's instruction set includes powerful 
16-bit instructions that lead to smaller pro- 
ems because many 8088 instructions replace 
multiple instruction sequences in other 8-bit 
machines. 



The smaller 8088 programs run faster. 

With the 8088, it is possible to build lower- 
cost systems than with other 8-bit micro- 
processors because the 8088 requires less 
code memory and runs at high performance 
with less expensive memories than other 8-bit 
machines. 

Interfacing the 8088 to 8-bit systems is easy 
with processor extension chips that further 
increase the 8088's performance through 
parallel processing using specialized I/O and 
numeric instructions and registers. 

The 8088 is a unique CPU with optimal 
combination of performance, ease of use, and 
system economy that meets the needs of sys- 
tem designers in the 1980's. 

The following chapters describe iAPX 88 
software, hardware, and system design in 
more detail. 
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This chapter describes the programmer's 
architecture of the 8088 CPU. The pro- 
gramming tnodel is presented first, including 
tlie memory and r/'O port organizations and 
the CPU registers. The addressing modes are 
described next, followed by an introduction 
to' tiie in'^truction set and the iAI^' 
assembly language. The iAPX 88 instruction 
set reference pages that describe each instruc- 
tion in dietaildSndttde the chapter. ; ' 

iAPX 88 ARCHITECTURE 

The iAPX 88 processor architecture com- 
prises a memory structure, a register structure, 
an instruction set, and a set of addressing 
ja,o^ps. The 8088 CPU can access up to one 
million bytes of memory and up to 64K input/ 
output ports. 

Mas 8088 ,)ias three, registpsr fiies: ■ r 

1) data registers to hold intermediate results; 

2) pointer and index registers to reference 
withiii' specafied pdili©ns 6f memory; " ' ' i 

3) segment registers used to specify these por- 
tions of memory. 

The 8088 has nine flags that are used to 
record the state of the processor and to con- 
trol its operations. 

The 8088 instruction set and addressing 
modes are richer and more symmetric than 
the 8080. And the 8088 external interface, 
providing such things as interrupts, multip- 
rocessor synchronization, and resource shank- 
ing, exceeds the facilities provided in the 
86&0, the 8085, or the Z80®. ' ' ' 

Memory Structure 

The 8088 input/ output space and memory 
space are treated in parallel and are collec- 
tively called the memory structiire. Code and 
data reside in the memory space while (non- 
memory-mapped) peripheral devices reside in 

280 is a registered trademark of Zilog Corp. 



Memory Space 

The memory in an iAPX 88 system is a 
sequence of up to one million bytes (a 64-fold 
increase over the 8080). An 8088 word is any 
two consecutive bytes in meini£>^3 I/ike the 
8080, words are stored in memory with the 
most significant byte at the higher memory 
<^£i{{^j^SS, ttr^i <_.< 

The one-megabyte memory can be conceived 
of as an arbitrary number of segments, each 
ccHitaiidngiat' n*Eos# bytes. 'Tfie starting 
address of each segment is evenly divisible by 
16 (the four least significant address bits are 

0) ; At BJiy fflatitent,'tbe ^rdghini eaa imtn^ 
diately access the contents of four such 
segments: . -h ■ 

1) Current code segment ■ • i' 

2) Current data segment 

3) Current stack segment ■ '■ » 

4) Current extra segment 

Each of these segments can be identified by 
placing the 16 most significant bits of the 
segment starting address into one of the four 
16-bit segment registers. By contrast, the 
8080 memory structure is simply the 8088 
memory structure with all four of the current 
segments starting at 0. 1 

An 8088 instruction can refer to bytes or 
words withiii a segment by using a 16-bit 

' offset address. TTie processor constructs the 
20-bit byte or word address automatically by 
adding the 16-bit offset address (also called 

I the logical address) toifexo^fents of a 16-bi|t 
segment register, with jfg^^qw-order zero^ 
appended (Fig. 2-1). \ ' 

Input/Output Space ' 

The 8088 I/O space consists of 64K ports (4 
256-fold increase over the 8080). Ports are 

' addressed the same way as memory except 
there are no port segment registers. That is, 
all ports are considered tp be in one segment. 

■ L ike memory. F>orts may T)e fr-^T6-Hts m 
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The first 256 ports are directly addressable 
(address in the instruction) by some input/ 
output instructions, other instructipiis let you 
address the total MK^ pciT}-^, ind^9^t|x,(a4^^§ 
in a register). 

REGISTER STRUCTURE 

The 8088 processor contains the thirteeri 16- 
bit registers and nitte l-=bit flags shown in 
Figure 2-2. Notice that the thirteen registers 
are divided into three files of four registers 
each plus the thirteenth register, namely the 
instruction pointer (IP) (called the program 
eduljtjer in earlier processors). The IP is 
a@t directly accessible to the programmer; 
it i^, manipulated with control-transfer 
instruetionsir. c'. . ; ' • . 

Data Register File 

The data registers (top file Fig. 2-2) can be 
addressed as either 8- or 16-bit registers. 
(Note vertical lioe iii#ipBli bfle divisions). 



The data registers handle both byte and word 
quantities with equal ease. Figure 2-2 shows 
that the 16-bit registers are named AX, BX, 
CX, and DX; and the 8-bit registers are 
named AL, AH, BL, BH, CL, CH, DL, and 
DH (the L or H suffix designates high-order 
br low-order byte). 

Generally, the data registers participate inter- 
changeably in both arithmetic and logical 
operations of the 8088. However, some 
instructions (e.g. string instructions) require 
certain general registers for specific uses. Fig- 
ure 2-3 shows which registers are implicitly 
used for special operations. Notice how Fig- 
ure 2-3 relates to Figure 2-2. 

T6 review, (lata tegistters may be addressed as 
either 8-bit or 16-bit registers as shown in 
Figure 2-2. The registers in the next 2 files are 
addressed d«?j?'4sP18-4>ff registet-s. 

Pointer and Index Register File 

The pointer and index registers of the 8088 
consist of the 16-bit registers SP, BP, SI, and 
DI as shown in Figure 2-2. These registers 
usually contain offset addresses for address- 
ing within a segment. They reduce program 
size by eliminating the need for each instruc- 
tion to specify frequently used addresses. 
These registers serve another (and perhaps 
more important) function; they provide for 
dynamic logical address computation as des- 
cribed in the section on operand addressing 
below. To accomplish this, the pointer and 
index registers participate in arithmetic and 
logical operations along with the 16-bit data 
registers described above. 

Figure 2-2 shows this fjle divided into the 
pointer subfile (SP and BP) and the index 
subfile (SI and DI). The pointer registers 
provide convenient access to the current 
stack segment (as opposed to the data seg- 
ment). Unless otherwise specified in the 
instruction, pointer re^stprs refer to the cur- 
rent stack segment while mtfex registers refer 
to the current data segment. 
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Figure 2-1. How to Address One Million Bytes 
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In certain instances, specific uses of thesfe 
four-registers are indicated by the mnemonic 
phrases "stack pointer," "base pointer," 
"source index," and ^dcstiHatioit index" i(FiJ. 
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Segment Register File 
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The %fegment registers of the 8088 are l&Mt 
registers. These registers specifically identify 
the four currently addressable memory seg- 
ments: CS (code segment), DS (data fegriieht), 
SS (stack segment), and ES (extra segment). 

All instructions are fetched from the current 



code segment offset by the instruction pointer 
(IP) register. Thg segment for operand 
fetbh^eetffl Qsua%(bie*desjgnated by append- 
ing a special one-byte prefix to the instruc- 
tion. This prefix, and other prefixes described 
later, has unique encoding that distinguishes 
it from the opcodes. In the absence of such a 
prefix (the usual case), the operand is usually 
fetched from the current data segment or cur- 
rent stack segment, depending on whether 
the offset address was calculated from the 
contents, of a pointer register. 
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low nibble of an 8-bit quantity (low-order 
byte of a 16-bit quantity). This flag is used by 
'dediiial>aTithB^tie in9tructioif&: ; ir 
I) If CF (the carry flag) is set, there has been 
a carry out of, or a borrow into, the high- 
order bit of the result (8-. or 16-bit). The flag 
is used by instructions that add and subtract 
njultibyte numbers. Rotate instructions can 
also isolate a bit in memory or a register by 
placing it in the carry flag. 

3) If OF (the overflow flag) is set, an arith- 
metic overflow has occurred; that is, a signifi- 
cant digit has been lost because the size of the 
computation exceeded the capacity of its desr 
tination location. An optional Interrupt On 
Overflow instruction generates an interrupt 
in this situation. , , , j 

4) If SF (the sign flag) is set, the high-order 
bit of the result is a 1 . Since negative binary 
nujnbers are represented.in the 8086 and 8088 
in standard two's compieni^t notation, SF 
indicates the sign of t&Fresult (0 = positive, 1 
T negative). ! 

5) If PF (the parity flag) is set, the result has 
even parity, an even number of 1-bits. This 
flag can be used to check for data transmis- 
sion-errors. - - 

6) If ZF (the zero flag) is set, the result of th^ 
operation is 0. 

Three additional control flags (Fig. 2-2) can 
be set and cleared by programs to alter prof- 
cessor operations: 

1) Setting DF (the direction flag) causes 
string instructions to auto-decrement, that is, 
to process strings from high addresses to low 
addresses, or from "right to left". Clearing 
DF causes string instructions to auto- 
increment, or to process strings from "left to 

2) Setting IF (the interrupt-enable flag) 
allows the CPU to recognize external (mask- 
able) interrupt requests. Clearing IF disables 
these interrupts. IF has no effect on either 
noamaskable external or internally generated 

Figure 2-3. Implicit Use of GeneWtnetSumi' !^^jH i^OhtemptSi'? 



Programs can be dynamically relocated by 
changing the segment registers, provided the 
{HTopam itself dee» nQ<Hleftd. ear mm^itdafie 
the segment registers. 

Flag Register File 

Six flags provide prcJt^sSof istkils mfontta- 
tion (Fig. 2-2). Five are the 8080/8085 flags 
and usually reflect the status of the latest 
arithmetic or logical operWioh. The sixth, ah 
OVERFLOW flag, reflects a signed overflow 
condition. 

The 8088 also contains three flags that con- 
trol processor operations. These are the 
DIRECTION flag, which controls the direc- 
tion of the string manipulations; the INTER- 
RUPT FLAG, which enables or disables 
external interrupts; and the TRAP flag, 
.which puts the processor into a single-^fep 
mode for pro^m debugging. | 

A more detailed discussion ^ "tie flipgs" 
follows: 

1) If AF (the auxiUary carry flag) is set, there 
has been a carry out of the low nibble (the 

low order 4-bits of a byte) into the high nib- 
ble or a borrow from the high nibble into the 
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3) Setting TF (the trap flag) puts the proces- 
sor into single-step mode for debugging. In 
this mode, the CPU automatically generates 
an internal. Hit^rfcUpt after each instruction, 
allowing a program to be inspected as it exe- 
cutes instruction by instruction. j 

Instruction Pointer 

The 16-bit instruction pointer (IP), as shown 
in Figure 2-2, is analogous to the program 
pounter (PC) in the 8080/8085 CPUs and 
points to the next instruction. The instruction 
pointer contains the offset (distance in bytes) 
of the next instrticiioii from the begiiining of 
the current code segment. During normal 
execution, IP contains the offset of the next 
instruction to be fetched. Whenever IP is 
saved on the stack, however, it first is auto- 
matically adjusted to point to the next 
instruction to be executed. Programs do not 
have direct access to the instruction pointer, 
but instructions cause it to change and to be 
Saved on and restored from the stack. 

Stacl< Implementation 

The 808 8's stack is implemented in memory 
and is located by the stack segment register 
KSS) and the stack pointer' register (SP). A 
System may have an unlimited number of 
sstacks, and a stack may be upTol54K bytes 
long, the maximum length of a segment. (An 
attempt to expand a stack beyond 64K bytes 
overwrites the beginning of the stack). One 
Stack is directly addressable at a time; this is 
the current stack often referred to simply as 
"the" stack. SS contains the base address of 
the current stack and SP points to the top of 
the stack (TOS). In other words, SP contains 
the offset of the top of the stack from the 
stack segment's base address. Note, however, 
that the stack's base address (contained in 
SS) is not the "bottoffi" ofethe stack. ' 

Instructions that operate on a stack add or 
remove one word (2 bytes) at a time. An item 
is pushed onto the stack by decrementing SP 
and writing the item at the new TOS. An 



item is popped off the stack by copying it 
from TOS and incrementing SP by 2. In 
other words, the stack grows down in 
- Meitiory toward its base address. Stack oper- 
ations never move items on the stack, nor do 
they erase them. The top of the stack changes 
only as a result of updating the stack pointer. 

ADDRESSING IVIODES 

Instructions in the 8088 usually perform 
operations on one or Mo source operands, 
with the result overwriting one of the oper- 
ands. The first operand of a two-operand 
instruction can be usually either a register or 
a memory location; the second operand can 
be either a register or a constant within the 
instruction. (The terms first and second oper- 
and are used to distinguish the operands only 
— their use does not imply directionality for 
data transfers). Typical formats for two^ 
operand instructions are shown in Figure 2-4. 

Single-operand instructions generally allow 
either a register or a memory location to 
serve as the operand. Figure 2-4 also shows a 
typical one-operand format. Virtually all 
8088 operators may specify 8- or 16-bit 
operands. ' ' 

Memory Operands 

An instruction may address an operand resid- 
ing in memory itf toe W-tfae following ways, 
as determined by the "mod" and "r/m" field 
in the instruction (Fig. 2-5): 

DIRECT AbDil^lN6 _ 16-bit offset address 
contained in the instruction. 

INDIRECT ADDRESSING — optionally with 
an 8- or 16-bit displacement contained in the 
instruction: — 

1) through a base register (BP or BX) 

2) through an index register (SI or DI) 

3) through the sum of a base register and an 
_ttdex renter 
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TWO OPERAND FORMAT, SECOND OPERAND IS REGISTER 

[ "ooT "r~s"EG" r ^ 0~1 I OPCODE | D | W 

(optional) 

[~~^Disp-rcr~^ Q~~Di|pjHr~~ 



MOD 



REG 



R/M 



nn:i jij ii-'ll VI 



_ D1SP-_HI_ 
(optional) 



TWO OPERAND FORMAT, SECOND OPERAND IS CONSTANT 

[J^IHIEIIJL] I OPCODE I s I w I 

(optional) 

I PiSP-LG I 

(optional) 

C Z Z^^ifii^L Z Zl 

(optional) 
ONE OPERAND FORMAT 

' '•"■;^feptiofi€iii 



MOD 



OPCODE 



R/M 



OPCODE 


W 




MOD 


OPCODE 


R/M 



Q__DISP;LO_ 

(optional) 



\2_ Disp-rn ^ 

(optional) 



1 .f:.? -J 



• FOR DEFINITION OF MOD AND R/M FIELDS, SEE FIGURE 2-5. 
OTHER BITFIELDS: n ■■i? 



W = 0; 8-BIT OPERAND(S) 
1: 16-BIT0PERAND(S) 



D = 0; DESTINATION IS FIRST OPERAND 
1: DESTINATION IS SEGONDOPERAND 



S = 0: DATA = DATA HI, DATA LO 

1: DATA = DAT A-LO SIGN EXTENDED 



1 APPLIES IF 





SEG: 


S€tMgN?REG 




00 


ES 




01 


CS 




10 


SS 


■ -! • • t ,' 1 


' 11 


--' ■■ DS 


ft. Ofif. r... 













8-BIT 


16-BIT 


REG: 


(W = 0) 


(W = 1) 


000 


AL 


AX 


. 001 


CL 


CX 


010 


DL 


DX 


oil 


BL 


BX 


100 


AH 


SP 


101 


CH 


BP 


110 


DH 


SI 


111 


BH 


Dl 



-r'A 



Figure 2-4. Defining Bits In instructions witii One and Two Operands 
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FIRST OPERAND CHOICE DEPENDS ON ADDRESSING MODE: 



FIRST OPERAND IN MEMORY 



INDIRECT ADDRESSING 



DIRECT ADDRESSmC 



FIRST OPERAND 
IN REGISTER 



. 00' : DISP = 
Mbt) = 01 : DISP = DISP-LOSIGN 
EXTENDED 
10 ;DISP = DISP-HI,DISP-LO 



R/M: 



000 
001 
010 
011 
100 
101 
110 

111 



OPERAND 
EFFECTIVE ADDRESS 



MOD = 00 

AND 
R/M = 110 

OPERAND EFFECTIVE 
ADDRESS = 
DISP-HI, DISP-LO 



(BX) + (81) + 
(BX) + (Dl) + 
(BP) + (SI) + 
(BP) + (Dl) + 
(81) + DISP 
(Dl) + DISP 
(BP) + DISP 
(BX) + DISP 



DISP 
DISP 
DISP 
DISP 



MOD = 11 



R/M: 



000 
001 
010 

oil 

100 
101 
110 

111 



REGISTER 



8-BIT 

(W = 0) 



AL 
CL 
DL 
BL 
AH 
OH 
DH 
BH 



16-BIT 
(W = 1) 



AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 



51 Where ( ) means "contents of" 
•Exception— direct addressing mode 

Figure 2-5. 



Determining First Operand 



DATA 

STRUCTURE 


DATA MEMORY 


STACK 


WITHOUT BASE 


WITH BASE 


SIMPLE 
VARIABLE 


DIRECT 


BX + OFFSET 


BP + OFFSET 


ARRAYS 


SI 

Dl 


BX + SI 

BX + Dl 


BP'^'SI ■'" '''' ' 
BP + Dl 


ARRAYS 
OF RECORDS 

1 


SI + OFFSET 
Dl -1- OFFSET 


BX 4- SI -1- OFFSET 
BX-1- DJ-l-.pi^f,SET,..' 


BP -H SI + OFFSET 
,BR + DI-t-.Oi?f§ET ... 



Rgure S^/feflliiilNNIddresses Used with Different Data Structures 



TYPE OFMEMORY REFERENCE 


DEFAULT 
SEGMENT 
BASE 


ALTERNATE 
SEGMENT 
BASE 


POllCAl-AADBESS 


Instruction Fetch 


CS 


NONE 


IP , 


Stack Operation - - 


SS 


NONE 


SP 


String Source 


DS 


CS.ES.SS 




String Destination 


ES 


NONE , 




BP Used As Base Register 


SS 


GS,DS,ES 


Effective Address 


jGeneral-DataReadV Write - 


DS 


CS.ES.SS 




Effective Address 



..•^ .,j Figure 2-7. 8088 Address Components 



Register Operands 

An instruction may address an operand resid- 
ing in one of the general registers or in one of 
the pointer or index riegisters. Fig. 2-5 shows ■ 
the register selection as determined by the 
"r/m" field (first operand) or the "reg" field 
(second operand) in thcinstroctlon. 

Immediate Operands 

In general, one of the two operands of a two- 
operand instruction can be "immediate" data 
contained within the instruction. These oper- 
ands are represented in 2's-complement form 
iand may be 8-bits or 16-bits in length. 

Addressing Mode Usage 
The addressing modes were designed to per- 
mit efficient implementation of high-level 
language features. For example, a simple var- 
iable is accessed with the direct mode, ' 
whereas an array element in a based record 
(at a memory address pointed to by some 
©fcer base variable) may be accessed within 
!the indirect-through-BX-plus-SI-plus-offset ' 
mode (where BX points to start-of-record, 
offset points to the start of the array within 
the record, arid indexregfeter SI contains the 
index into the array). 

The addressing modes involving the BP base 
register allow accessing data in the stack 
segment instead of in the data segment. Rec-_ 
ursive procedures and block-stEUCstiu;^ langu-, 
ages frequently store data in the stack. 
Address modes for accessing data elements 
use effective addresses shown in Fig. 2-6. 

Addressing Summary ' : , ' i 

Pig.' 2-7 Stitomarizes the addre^-iSrtp&nents 
that are combined to generate memory 
addresses. The Default segment base is the 
segment register automatically chosen by the 
8088 for the corresponding type erf piemory 
reference. The Alternate segment base may 
replace the Default segment if a special "tse^ - 
ment override" prefix precedes the instruction. 
The Logical address is automatically added 
io the-dioseit segment rqgtster to form the 



Xi3m»ST>f laeMiiisss. The 8088 Assembly lan- 
guage simplifies the task of selecting the 
desired addressing modes for use with basic 
^'in^ructiofli 



' _ _. . -.T 

Dedicated and Reserved Memory Locations 

Two areas in extreme low and high memory 
are dedicated to specific processor functions 
or are reserved by Intel Corporation for use 
by Intel hardware and software^products. 
shown fn Figure 2-S, the locations are: 01 
through 7FH (128 bytes) and FFFFOH 
through, FFFFFH (16 bytes). These areas are 
used fof interrupt and system reset process^ 
ing. iAPX 88 systems should not use these 
ar eas for any other purpose. Doing so may 
make these systems incompatible with future 
Intel products, - ' j - 







FFFFFH 
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FFFFCH 
FFFFBH 








FFFFOH 
FFFEFH 
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RESERVED 
















DEDICATED 


OH 




MEMORY 


1 



Figure 2-8. Reserved and Deiaaiicf Memory 
Locations 



2-8 



?ftB<3JITECTURE AND INSTRUCTIONS 



The interrupt pointer (or interrupt vector) 
table (Fig. 2-9) is the Unk between an inter- 
rupt type code and the procedure designated 



to service interrupts associated with that 
code. The interrupt pointer table occupies up 
to IK bytes of low memory. There may be up 



AVAILABLE 
INTERRUPT 
POINTERS 



mi' 

3FCH 



084 H 



I 080 H 
r 07FH 



_ TYPE 32 POINTER: 
(AVAILABLE) 



iS^iiCi' -Ty-BE ai POINTER: 
(RESERVED) 



RESERVED 
INTERRUPT 
POINTERS 

v^(27);.-, . 



i„,i ;r| .'.-/ia^i 

DEDICATED 
INTERRUPT , 
POINTERS 
(5) 



Olb'H 



OOCH 
008H 

OOOH 



_ TYPE 255 POINTER: 
(AVAILABLE) 



TVreSaHJl'liiTER: 
(AVAILABLE) 



TYPE 5 POINTER: 
(RESERVED) 



TYPE4 POINTER: 
, OVERFLftW 



"l-SY^lNiS^^UCtlON" 



TYPE 2 POINTER: 
NON-MASKABLE 



TYPE 1 POINTER: 
SINGLE-STEP 



TYPED POINTER: 
DIVIDE ERROR 



not 

-J ■ ■ " I ■ 1 



OS BASE ADDRESS 

IP OFFSET 



■18BITS- 



Figure 2-9.. j|it«i!JiRtVector.XableJniy|emoiyi/ijii! . > . of. . . 
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to 256 4-byte entries in the table, one for each 

interrupt type that can occur in the system. 
Each entry is a doubleword pointer (4 bytes) 
containing the address of the procedure. The 
higher-addressed word of the pointer con- 
tains the base address of the segment 
containing the procedure. The lower- 
addressed word contains the procedure's 
offset from the beginning of the segment. 
Since each entry is four bytes long, the CPU 
can calculate the location of the correct entry 
for a given interrupt type by simply multiply- 
ing (type*4). I 

Memory location FFFFOH, sixteen bytes 
from the absolute top of the 8088's address 
range is the first location from which the 
8088 fetches an instruction following a sys- 
tem RESET (the activation of the RESET 
pin on the 8088 CPU chip, usually at the time 
system is powered up). This memory location 
usually contains a jump (JMP) instruction to 
the actual beginning of the system program 
somewhere else in memory. 

ORGANIZATION OF THE INSTRUCTION 
SET 

Instructions are described here in six func- 
tional groups: I 

1) Data transfer 

2) Arithmetic 

3) Logic ! 

4) String manipulation ' 

5) Control transfer 1 

Is) Processor control ' on : 

Each of the first three groups mentioned in 
the preceding list is further subdivided into 
ian array of codes that specify whether the 
instruction is to act upon immediate data, 
register or memory locations, whether 16-bit 
words or 8-bit bytes are to be processed, and 
l^hat addressing mode is to be employed. All 
of these codes are listed and explained in 
detail in this book, but when you are writing 
assembly-language programs you do not 
have to code each one individually. The con- 



tesLt of your program automtftieally causes 
the assembler to generate the correct code. 

There are three general categories of instruc- 
tions within each of the three functional 
groups mentioned: 

1) Re^ster or memory space to or froi 
register 

2) Immediate data to register or memory 

3) Accumulator to or from registers, mem>^ 
ory, or ports 

The details of the syntax of the 8088 instruc- 
tion set are described fully in Intel's iAPX 86, 
88 assembly language programming manual., 

P^ta Transfer Instructions 

transfer instructions are divided int 

four classes: 

1) General purpose 

2) Accumulator-specific 

3) Address-object ' 

4) Flag 

None affect flag setting except SAHF and 
POPF. 

General Purpose Transfers 

Four general purpose data transfer opera- 
tions are provided and may be applied to 

most operands, though there are specific 
exceptions. The general purpose transfers 
(except XCHG) are the only operations! 
which allow a segment register as an operand. 

MOV performs a byte or word transfer from 
the source operand to the destination operand.^ 

I i^lJSlI decrements the SP register by two. 

and then transfers a word from the source 
operand to the stack element currently 
afidressfediySP. 

POP transfers a word operand from the 
stack element addressed by the SP register to 
the destination operand and then increments' 
SP by 2. 

XCHG exchanges the byte or word source 
operand with the destination operand. The 
segment registers may- not iie opezaods.-^' 
XCHG. 
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Accumulator-Specific Transfers 

Three accumulator-spfi^jS; transfer opera- 
tions are provided: 

IN transfers a byte (or word) from an input 
port to tlie; AI„ raster (or AX register for a 
word). The,,pprt is specified either with an 
inline data, byte, allowing fixed access to 
ports 6 through 255, or with % jort^niimbisr in 
the DX register, allowing ya^aMe ^cpt^^Jp 
64K input ports. 

OUT is similar to IN except that the transfer 
is from the a<»^mul^tj9r tb^^^put. pprt, 

XLAT performs a table lookup byte transla- 
tion. The register is used as an index into 
a 256-byte table whose base is addressed by 
the BX register. The byte operand so sel|c|e^ 

is transferred to AL. ' ; 

Address-Object Transfers.. 

Three addres$rabj^tttr%$)^er .Qfieia^fiBS am 
provided: 

LEA (load effective address) transfers the 
offset address the souree op^ttd iitetto^ 
a memory operand and the destination oper- 
and niust be a 16-bit general, pointer, or 
index legister. .... ,^ 

LDS (load pointer into DS) transfers a 
"pointer-object" (i.e., a 32-bit object contain- 
ing an offset address and a segment address) 
from the source operand (which must be a 
memory operand) to a pair of destination 
registers. The segment address is transferred 
to the DS segment register. The offset 
address must be transferred to a 16-bit gen- 
eral, pointer, or index register. 

tiES,(lpad pointer into ES) is similar to LDS 
except that the segment address is J 
to the ES segment register. 

Flag Register Transfers _ 

Four flag fegistef^ ttstn^m lOpeiatioiasB ait^ 
provided: 

LAHF (load AH with flags) transfer the flag 
rfeptfers SP,'Z/F,' AF,-PF,*hd €;*'''fthe 8080 



flags) into specific bits of the AH register. 

SAHF (store AH into flags) transfers specific 

bits of the AH register to the flag register, SF, 
ZF, AF, PF, and CF. 

PUSHF (push flags) decrements the SP reg- 
ister by two and transfers all of the flag 
registers into specific bits of the stack element 
addressed by SP. 

POPF (pop flags) transfers specific'bM of tile 

stack element addressed by the SP register to 
the flag registers and, then increments SP by 
two. - 



Arithmetic instructions 



The 8088 provides the four basic mathemati- 
cal operations in a variety of instructions. 
Both 8- and 16-bit operations and both 
signed irid tinsigned arithmetic are provided. 
Standard twos complement representation of 
signed values is used. The addition and sub- 
tfafctic»i-dpeM^ii&kei^%s'%oth signed and 
unsigned opei^^^Sfis to be made (see Condi- 
tional Tran^^. 'felSErection operations allow 
aritbaiiti ' f r> l^bte ' >p6^riiM; difectiy ' to 
packed or unpacked decimal numbers. 

Flag Register Settings 

Six flag registers are set or cleared by arith- 
metic operations to reflect results of the 
operation. They generally follow these rules: 

CF is set if the operation results in a carry out 
of (from addition) or a borrow into (from 
s^ibtAcl&rtr) thij higH-Stdfer bit of the result; 
otherwise CF is cleared. 

AF is set if the operation results in a carty 
out of (froni addition) or a boJTo\»^ liAo (frdm 
subtraction) the low-order four bits of the 
result; otherwise AF is cleared. 

ZF is set if the result of the operation is zero; 
mietme-7.Pi^ asared. 

SF is set if the high-order bit of the result of 
the operation is set;'otBJiS:wise-fSF is cleared. 
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PF is set if the modulo 2 sum of the low- 
order eight bits of the operation is (even 
parity); otherwise PF is cleared (odd parity). 

OF is set if the operation results in a carry 
into the high-order bit of the result but not a 
carry out of the high-order bit, QX^?0f^,ffe^s^ 
otherwise Qf^ is ^^lea^^ .„■■, 

Addition 

Five addition operations are provided: 

ADD perfotms an addition of the two source 
operands and tiCiM>tti^ testlf %@iic)ii@i@f the 
operands. 

ADC (add with carry) performs an addition 
of the two source operands, adds one if the 
CF flag is found previously set, and returns 
the rtsult to one of the operands. ' 

INC (increment) performs an addition of the 
source operand and returns the result to the 
operand. 

AAA (unpacked BCD [ASCII] adjust for 
addition) performs a correction of the result 
in AL of adding two unpacked decimal ope- 
rand^,, yielding an unpacked decimal sum. 

DAA (decimal adjust for addition) perforitiS 
a correction of the result in AL of adding two 
packed decimal operands, yielding a packed 
dteitiial sum. 

u 

Subtraction , 

Seven subtraction operations are provided: 

SUB performs a subtraction of ]the two 
source operandsrandjxtums the cesult top^e 
of the operands. 

SBB (subtract with borrow) performs a sub- 
traction of the two source operands, subtract? 
one if the CF flag is found previously set, ai^4 
returns the result to one of the operands. 

DEC (decrement) performs a subtraction of 
one from the source operand and Tetucus the, 
result to the operand. 

NEG (iiegate) performs a subtraction of the 
source operand from zero and returns the 
result to the operand. 



CMP (compare) performs a subtraction of 
the-*two sdtirtie operaMs causing the flags to 
be affected but does not return the result. 

A AS (unpacked BCD [ASCII] adjust for 
subtraction) performs a correction of the 
result in AL of subtracting two unpacked 
decimal operands, yielding an uiq)acked 
decimal difference. ■ ' •" ' 

DAS (tfe^ma5"adjtist for subtraction) per- 
forms a correction of the result in AL of 
subtracting two packed decimal operands, 
yiddittga'paekfc^aecJto&i'diffttffenge.^ • 

iMultiplication 

Three multiplication aperationfe Are 
provided: ^ ^ " ^" ' 

MUL performs an unsigned multiplication of 
the accumulator (AL or AX) and the source 
operand, returning^ a double length result to 
the accumtJlaftor kii^'its extensidif ^'AL Md 
AH for 8-bit operation, AX and DX for 
16-bit operation). CF and OF are set if the 
top half of the resolt is noiifzero.- >: i 

IMUL (integer multiply) is similar to MUE 
except that it performs a signed multiplica- 
tion. CF and OF are set if the top half of the 
result is not the sign-extension of the low half 
of the result. 

AAM (unpacked BCD [ASCII] adjust for 
multiply) performs a ebriiectfditi 'ttf tlife rtfifiilf 
in AX of multiplying two unpacked decimal 
operands, yielding an unpacked decimal 
^fibduct. 

Division 

Three division operations are provided and 
two sign-extension operations to support 

DIV performs an unsigned division of the 
accumulator and its extension (AL and AH 
for g'bit opetaticffli; AX and DX for 16*bit 
operation) by the source operand and returns 
the single length quotient to the accumulator 
(AL or AX), and returns the^si^e length 
remainder to the accumulator extension (AH 
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or DX). The flags are undefined. Division by 
zero generates an interrupt of type O. vMonb 

IDIV (integer division) is similar to DIV 
except that it performs a signed division. 

ADD (unpacked BCD [ASCII] adjust for 
division) "tJ^fMSte at CoATection of the divi- 
dend'in AL before dividing two unpacked 
Ufedmal operands, so that the result will yield 
Ian uilpacked decimal quotient. 

CBW (convert byte to word) performs a sign 
extension of AL into AH. 

CWD (convert word to double word) per- 
forms a sign extension of AX into DX. 

LOeiG INSTRUCTtONS.* «oaf . , - i i 

The 8088 provides the basic logic operation 
for both 8- and 16-bit operands. 

Siiigle-Operand Operations i ' ■' ' 

Three single-opersbd>to^«^ op^atibris are 

provided: 

NOT forms the ones complement of the 
soUn% Qpeitod aid reituiM the tesult to the 
operand. Flags are not affected. 

Shift operations of four varieties are pro- 
tideiJ for •metnb*t and 'tegister- opeft^ds, 
SHL (shift logic left), SHR (shift logic right), 
SAL (shift arithmetic left), and SAR (shift 
arithmetic right). Single bit shifts, and vari- 
able bit shifts with the shift count taken from 
the CL register are available. The CF flag 
becomes the last bit shifted out; OF is defined 
only for shifts with count of 1 , and set if the 
final sign bit value differs from the previous 
value of the sign bit; and PF, SF, and ZF are 
set to reflect the result valuer ,| , t 

Rotate operation of four varieties are pro- 
vided for memory and register operands, 
ROL (rotate left), ROR (rotate right), RCL 
(rotate through CF left), and RCR (rotate 
through CF right). Single bit rotates, and vari- 
able bit rotates with tbe^ rotate count taken 
from the CL register are available. The CF 
flag becomes the l^st bit rotated out; OF is 
defined only for shifts with count <rf 1, and is 



set if the fmal sign bit value: diffe9^:f}om t6e 
.pism^ iva^ of the sign bit. v hi)! ' 

Two-Operand Operations 

Four two-operand logical operations are 
provided. The CF and OF flags are cleared 
on all operations; SF, PF, and ZF reflect the 

result. 

AND performs the bitwise logical conjunc- 
tion of the two source operands and returns 
the result to one of the operands. 

TEST performs the same operations as AND 
causing the flags to be affected but does not 
ceturii-,tfifi,l«sUlt. .,; r-^^ii- 
OR performs the bitwise logical inclusive dis- 
junction of the two source operands and 
returns the result to one of the operands. 

XOR performs the bitwise logical exclusive 
disjunction of the two source operands and 
returns the result to one of the operands. 

STRING MANIPULATION INSTRUCTIONS 

One-byte instructions perform various primi- 
tive operations for the manipulation of byte 
and word strings (sequences of bytes or 
words). Any primi^fe operation, can be peir 
formed repeatedly in hardware by preceding 
its instruction with a repeat prefix. The 
single-operation forms may be combined to 
form complex string operations with repeijj 
tion provided by iteration operations. 

Hardware Operation Control 

All prinaitive string opea:a(ti<iB8:use the SI reg- 
ister to address the source operands, which 
are assumed to be in the current data seg- 
ment. The DI register addresses the desti- 
nation operands, which reside in the current 
extra segment. If the DF flag is cleared, the 
operand pointers are incremented after seaeh 
operation (once for byte operations and twice 
for word operations). If the DF flag is set, the 
operand pointers are decremented after each 
operation. See Processor Cbntrol for setting 
afld clearing ^IMFV'' -f^'^-^fio ' -"'^ 'f'-^'' 



Any of the primitive string instructions may 
be preceded with & one-byte prefix indicating 
that the operation is to be repeated until the 
operation count in CX is satisfied. The test 
for completion is made prior t!i,eac^^^ repeti- 
tion pf the ppera^tioii.. Thus, 411 initial 
operation count of zero will cause zero exe- 
cutions of the primitive operation. 

The repeat prefix byte also designates a value 
to compare with ZF flag. If, the priniitive 
operation is one which affects the ZF flag, 
and the ZF flag is unequal to the designated 
value after any execution of the primitive 
operation, the repetition is i^4^fflni?M''^lSSis 
permits the scan operation to serve as a scan- 
while or a scan-until. 

Durfti^ iW exedUtibri' bf a 'r^^^teid pfltriitive 
operation the operand pointer registers (SI 
and DI) and the operatioii count register 
(CX) are updated lafter; ^seeltp rdpetition, 
whereas the instruction pointer will retain the 
offset address of the repeat prefix byte 
(aSstimihg it imnJ^feartdy^iilif^a'^flie'^fliiig 
operation instruction). Thus, an interrupted 
repeated operation will be correctly resumed 
tirheri '1:dritT6I rdtunis fiiiffi^ifle'^'aiteiirtipted 
task. ■ ' 

Yoji should avoid using the two other prefix 
bj^es wim a repeat-prefixed string instruc- 
tion, dne overrides the default segment 
addressing for the SI operand and one locks 
the bus to prohibit sfficess by other bUs 
masters. Execution of the repeated string 
dperatipn vhU not resume properly following 
an intemipt if more thain one prefixes pteseftt 
preceding the string primitive. Execution will 
resume one byte before the primitive (pre- 
sattidl^'^(»% the repeat prefix resides), thus 
ignoring the additional prefixes. 

Primitive String Operations 

Five primitive string operations are provided: 

MOVS transfers a byte or word operand 
from the source operand to the destinatijOiji 
operand. As a repeated operation this moves 



a string from one location in memory to 
another.', ^yt'to iouvMr-i ,• , ; a'.-. ; 'ji- , 

CMPS subtracts the destination byteifer 
operand from the source operand add aS^^ 
the flags but does not return the results As a 
repeated operation this compares two strings. 
With the appropriate repeat prefix it is pj0.s- 
sible to determine- after ^hi@h string element 
the two strings become unequal, thereby 
establishing an ordering between the strings. 

SCAS subtracts the destination byte or word 
operand from AL (or AX) and affects the 
flags but does not return the result. As a 
repeated operation this scans for the occur- 
rence of, or departiirtdfi'dibt'^'^^^ value in 
the string. 

LODS transfers a byte or word operand 
from the source operands AL (omAX). (Tim 
operation ordinarily would not be repeated.^ 

STOS transfers a byte or word operand ftoili 
AL (or AX) to the destination operand. AsA 
repeated operation this §jh a string with a 

given value. 

In all cases above, the , source operand is 
addressed by SI atid the destioationcidpsraiQd 
is addressed by DI- ^. 

Software Operation Control 

The repeat prefix provides for rapid iteration 
in a hardware-repeated string operation. The 
iteration control operations provide this 
saihc! control fdf itnpleinenting sdftware 
loops to perform complex string operations," 
These iteration operations provide the samfe 
6p'erati(in count update, operation comple- 
tion test, and ZF flag tests that the repeat- 
prefix provides. 

By combining the primitive string operations 
and iteration control operations with otheir 
operations, it is possible to build sophisti- 
cated yet efficient string manipulation 
routines. One instruction that is particularly 
useful in this context is XLAT; it permits a 
byte fetched from one string to be translated 
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before being stored in a second string, or 
before being operated upon in some other 
fashion. The translation is performed by 
using the value in the AL register as an index 
into a table pointed at by the BX register. 
The translate<| yalue obtained from the table 
tWen replaces i&'e value iniiially in the AL 
register. 

Here is an exampJt^pr^blem solved by use of 
primitive string oper^jfens and iteration con- 
trol operations to implenaent a coiop^k 
string operation: An input driver must trans- 
late a buffer of EBCDIC characters into 
ASCII, and transfer characters until one of 
several EBCDIC control characters is encoun- 
tered. The transferred ASCII string is to be 
terminated with an EOT character. 

To initialize the translation sequence, SI 
points to the beginning of the EBCDIC 
buffer, DI points to the beginning of the 
receiving ASCII buffer, BX points to an 
EBCDIC-to-ASCII translation table, and 
CX contains the length of the EBCDIC 
buffer (possibly empty). The translation table 
contaiiis the ASCII equivalent for each 
EBCDIC character, perhaps with ASCII 
NULs for illegal characters. The EOT code is 
placed into the table corresponding to 
EBCDIC stop characters. The 8088 instruc- 
tion sequence to implement this example is 
the following: 

Next: 

JCXA Empty,, ;skip if Input buffer^mpty 

LODS Ebcbuf ;fetch next EBCDIC character 

XLAT Table ;translate it to ASCII 

CMP AL, EOT itestfortheEOT 

STOS ■ As^buf ^transfer ASCII Charaotei'' 

LOOPNE Next . ;continue if not EOT • 



Empty: . 1/ (..,,■ w ■,. 

The body of this loop reqtiires seven bytes of 
code. 

CONTROL TRANSFER INSTRUCTIONS 

Four classes of control transfer operations 



may be distinguished: ^ ir .; . - ' 

1) calls, jumps, and returns; 

2) conditional transfers; 

3) Iteration control; and 

4) interrupts. 

All control transfer operations cause the pro- 
gram execution to continue at some new 
Ibi^tion in memory, possibly in a new code 
segment. 

Calls, Jumps, and Returns 
Two basic varieties of call jumps, and returns 
are provided — those which transfer control 
within the current code segment, and those 
which transfer control to an arbitrary code 
segment, which then becofflfeJs! the: ctirrent 
code segment. Both direct and indirect 
transfers are supported; indirect transfers 
makeDseK}fi^ iMniar(i)adde^ii^ models. ^ 

The three transfer opetations are described 

below: 

CALL pushes the offset address of the next 
instruct!^ onto the stack (in th^ -case of an 
inter-segment transfer the CS segment regis- 
ter is pushed first) and then transfers control 
toth&ta'get'ipp^aad.:: • n 

JMP transfers control to the targfet operand. 

RET transfers control to the return address 
saved by a previous CALL operation, and 
optionally may adjust the SP register to dis- 
card stacked parameters. 

Intra-segment direct calls and jumps specify a 
self-relative ifli^ict rfefilacedient; thus allowing 
position independent code. A short jump 
instruction (optional use) transfers ±128 
bytes Mm •^^emmit'i&^^rm.idii for eedfe 
compaction. 

Conditional Jumps 

The conditional transfers of control perform 
a jump continuing upon various Boolean 
functions of the flag registers. The destina- 
tion must be within 256-bytes from the 
instruction. 
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Iteration Control 

The iteration control transfer operations per- 
form leading- and trailing-decision loop con- 
trol. The destination of iteration control 
transfers must be within ± 256-bytes from the 
instruction. These operations are particularly 
useful with string manipulation operations. 

There are four iteration ^^^j^Ojl. prajagfi^, 
operations provided: 

LOOP decrements the CX ("count") register 
by one and transfers if CX is ,'ftcit zei:o. ^ 

LOOPZ (also called LOOPE) decrements the 
CX register by one and transfers if CX is, not 
zero and^the. ZF^iag }Sf$e;^gloop-W^l© zefx^ 
loop while equal). 

LOOPNZ (also called LOOPNE) decre- 
meiits the CM ifi^ster by oiie andTtraiBfesdf 
CX is not zero and the ZF flag is cleared 
(Ipop while not zero or loop while not equal). 

JCXZ transfers if the CX register is zero. 
Interrupts yr-^'-htir -,..= .o ■ ' jA'> 

Program execution control niay be trans- 
ferred by means of operations similar in 
dffect to «fat«ffl§jftgi<ftkliritfert^'pt^i 'All iiiter- 
rupts transfer by pushing the flag registers 
onto the stack (as in PUSHF), and perform 
an indirect call (of the inter-segment variety) 
through an interrupt vector table located at 
a^lute l0!C|^pj:is 0,thf ough 3FFH.This vec- 
tor* contains a four-byte element for each of 
up to 256 different interrupt types. 

There are three interrupt transfer operations 
ji:o\ided: , , ,^ ^ 

I^rr pushes thetflag registers (as in PtJ'SHF)v 
clears the TF and IF flags, and transfers con- 
trol with an indirect call through any one of 
the 256 vector elements. A one-byte form of 
this instmetion is availabli for mtefrurat 
type 3. ' 

INTO pushes the flag registers (as in 
PUSHF), clears the TF and IF flags, and 
transfers control with an indirect call through 
vector element 4 if the OF flag is set (trap on 



overflow). If the OF flagds cleared. no opera- 
tion takes place. 

IRET transfers control to the return address 
saved by a previous interrupt operation and 
restores the saved flag register ^as ill POPF). 

See Chapter ^. for further ^detwls an iiJterru^ 
operations. 

PROCESSOR CONTROL INSTRUCTIONS 

¥srriOTS in§t#uctl@m^'tM mejJhasiiii^is c^^ 
the processor and its interaction with its 
environment. " 



.1,- 



Flag Operations 

Seven operations provided ope;-ate directly 
on individual flag registers; - 

CLC clears the CF flag. 

CMC complements the CF flag. . 

STC sets the CF flag. i 

CLD clears the DF flag, causing the string 
operations t® aiito^iidffelhetit the «i#erand' 
pomter. ' ' 

CLI clears the IF flag, disabhng external 
interrupts (except for , tia^,, np|i-n^^]j:abte 
external iriterrupt. 

STI sets the IF. flag,, enabling external 
iatcOTptS'^^ter the •e«®ait4oii of the next; 
instruction. 

Processor Halt 

The HLT instruction causes the 8088 proces- 
sor halt. The halt state is cleared by RESET 
or ail enabled external interrupt, 

Processor Wait 

The WAIT instruction causes the processor 
to enter a wMtlstatfe if the signal on its TEST' 
pin is not asserted. The wait state may be 
interrupted by an enabled external interrupt. 
When this occurs the saved code location iS' 
that of the WAIT instruction, so that upon 
return from the interrupting task the wait 
state is reentered. The wait state is asserted. 
Execution resumes without allowing external 
interrupts until after the execution of the next 
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instruc^on. This dosteusstton allows thb> fffo^ 
cessor to synchronize itself with external 
hardware. - j . ; ■ • - 

Processor Escape - n h ..^^ono'> 

The ESC instruction provides a mechanism 
by which other processors (such as the 
Numeric Processor Extension) may receive 
their instructions from the 8088 instruction 
stream and niake use of the 8088 addressing 
modes. The 8088 processor does no opera- 
tion for the ESC instruction other than to 
access a memory operand. ^i^,,,. 

Bus Lock 

A special one-byte lock prefix may precede 
any instruction to cause the processor to 
assert its bus-lock signal for the duration of 
the operation caused bji^^^Ji^t instruction. This 
has use in multiprocessing applicatio0|r.c.;' 

Single Step . : . t ; 

When the TF flag register is set, the processor 

generates a type 1 interrupt after execution of 
each instruction. During interrupt transfer 
sequences causied by any type of 'interrupt; 
the TF flag is cleared after the pushflags step 
Qj^ the interrupt sequence. No instructions ^re 
pjcovid^ for, setting or clearing JF directly. 
Rather, the flag register image saved on the 
stack by a previous interrupt operation must 
be modified, so the subsequent interrupt 
return operation (IRET) restores TF set. This 
^©ws a diagnostic task to single-step through 
a task under test, while stiH fcxccUtirig nor- 
mally itself. 

If the single-stepped instruction itself clears 
tlie''TF flag, the type 1 interrupt will still 
occur upon completion of the single-stepped 
instruction. If the single-stepped instruction 
generates an interrupt or if an enabled exter- 
nal interrupt occurs prior to the completion 
of the single-stepped instruction, the type 1 
interrupt sequence will occur after tiie infer^ 
rupt sequence of the generated or external 
interrupt, but before the first instruction of 
tlieiiiMmit)t l»n4e#.j-outine is executed.- 



INSTRUCTION TrMiNSif I , > 

Instruction timings are included with the 
detailed instruction set pages at the back of 
thfef- chHtJteE They are provided as - the 
number of clock periods required to execute 
a particular form (register-to-register, 
immediate-to-memory, ete.) of the instruc- 
tion. If a system is running with a 5 MHz 
maximum clock, the maxinium clock period 
is 200 ns. Where memory operands are used, 
"+EA" denotes a variable number of addi- 
tional clock periods needed to calculate the 
operand's effective ?address. Fig. 2rl0 lists all 
effective address calculation times. 

For control transfer instructions, the timings 
given include any additiohal clocks required 
to reinitialize the instruction queue as well 
as the time required to -fetch- the target 
instruction. ^ . . ' ■ m ; ' • - 

Note that four clo6ks are required for each 

memory reference. Therefore, the execution 
time of memory reference instructions will 
dependion'the number of byte transfers. 

Several additional factors can increase actual 
execution time over the figures shown in the 
in^nicS'rofi 'set reference pages. The time pfo- 
vided assumes that the instruction has already 



EA COMPONENTS 


CLOCKS* 


Displacement Only 


6 


Base or Index Only (BX,BP,SI,DI) 


5 


Displacement 

+ 






Base or Index 


(BX,BP,SI,DI) 




Base 


BP + DI, BX + SI 


7 


+ 

Index 


BP + SI, BX + DI 


8 


Displacement 

+ •■ - . ■ 
Base 
+ 

Index 


BP+DI + DISP 
BX + St*OIST' ' 

BP + SI + DISP 
BX + DI + DISP 


11 
12 



* Add 2 clocks for segment override 

Figure 2-.10. Effective Adj^r^s. Calculation Time 



been prefetched and that it is waiting in the 
instruction queue, an assumption that is valid 
under most, but not all operating conditions. 
A 'Series of, ffast i executing (fewer than two^ 
clicks per opcode byte) instructions can 
dmn the queue and increase execution time. 

Execution time also is slightly impacted by 
the interaction of the CPU's internal instruc- 
tion execution unit (EU) and BU's interface 
unit (BIU) when memory operands must be 
read or written. If the EU needs access to 
memory, it may have to wait for up to one 
clock if the BIU has already started an 
instruction fetch bus cycle. The EU can 
detect the need for a memory operand and 
I*ost a bras request far eii©ugh in ad*ance-0f 
its need for this operand to avoid waiting a 
full 4-clock bus cycle. Of course, the EU does 
not have to wait if the instruction quase Isew ■ 
tween the BIU and EU is full, because the BIU 
is idle. (Note: 80§8 queue contains 4 bytes.) 

With typical instruction mixes, the time actu- 
ally required to execute a sequence of 
instructions will typically be within 5-10% of 
the sum of the individual timings given in the 
instruction set sequence. Cases can be con- 
st wcted, however, in, which execution tinoie, 
may be much higher than the sum of the 
figures provided. The execution time for a 
given sequence of instructions, however, is 
always repeatable, assuming comparable ex- 
ternal conditions (interrupts, coprocessor 
activity, etc.) If the execution time for a given 
series of instructions must be d^fiSttlined 
exactly, the instructions should be run on an 
actual system hardware implementation. 

ASSEMBLY LANGUAGE PROGRAMMING'^' 

This section, while not meant to be a com- 
pendium of all features and rules of ASM-86 
(the Intel assembler for 8088 instructions) 
covered in !detml byi&e Intel iAPX 86^^ 
Assembly Language Reference Manual, pre- 
sents most of the ASM-86 features in a form 

[1] Edited and reprinted with permission of Hayden Book Co. from 
The 8086 Primer, by Stephen P. Morse. Copyright 1980. 



to enable you to write meaningful programs. 
Not. covered are many advaijced ASM-86 
features; attention is focused on underlying 
eoneepts of the language. . ,., , 

Object Code 

Let's first consider a simple program that 
reads in word values from input port 5, 
increments each value read, and writes the 
results to output port 2. The program is as 

follows: 



Memory Address Memory Contents 



(Hexadecimal) 


(Binary) 


Comments 


00000 


11100101 


read wordiimo AX,* 


00001 


00000101 


...from input port 5 


00002 


01000000 


increment AX 


£©003 ' 


11100111 


write word from AX... 


: c .-000 0* 


OOOOtKttO 


...to oDtput ponz 


00005 


11101011 , 


repeat by .Jumping... 


' 00006 


ifniooi 


...baci< seven bytes 


00007 







The first two columns specify the address and 
contefits of each relevant memory location 
and, as such, constitute the only form of the 
program comprehensible to the processor. 
This is called object code, and the language 
of I's and O's in which the object code is writ- 
ten is called machine language. Once we have 
the program in object code form, we can 
store it in memory arid then have the 8088 
execute it. " ' ' • ■■' 

Source Code 

Writing a program in I's and D's is tedi®ii$: 
and repetitive, a task that computers do well. 
So, instead of writing the program in 
machine language, we write the program in a 
language more familiar to us and then use a 
computer to translate it into the 8088's lan- 
guage. A program written in this more 
familiar language is called source code, and 
the computer program that translates source 
code into object code is called a translator. 
(Fig. 2-11) 

There , are two kinds of translator languages 
for witrng sotiree code: mmmbly languages 
and high-level languages describedrjjeiosifawij 
illustrated in Fig. 2-12 
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The process of translation might involve per- 
Sdrmihg some additional activities before the 
output is truly machine code. These activities, 
like relocation and linkage, are part of the 
translation process. Throughout this text, 
references to translation (assembling, compil- 
ing) imply all necessary activities to produce 
iSfejecticode. 

A program written in assembly language is a 
symbolic representation of the machine- 
langiiaige i>i-oginitri; '' '8 'nf^rr ;. 

The relation between the assembly-language 
program statements and the resulting object 
code is usually obvious while the relation 
between high-level language statements and 
the resulting object code is often not obvious. 
Assembly language gives you complete con- 
trol over the resulting object code and 
thereby allows you to generate very efficient 
object code (providing you're a very efficient 

A high-level language compiler frees you 
fflfifiifliinking about the object code and lets 

on ;)!■;;;( .• • ■ . - . y]j n^^'ih': Vj'i! 
ihi ' i. ' . .. . , . — — — 



SOURCE 
CODE 



TRANsS.'ATORl-^ggJECT 

(MACHINE 
LAM6UAGE) 



Fi0iiMi2e«:iSSite«lBnad JHiik|sa/ioU£30i 



SOURCE 
CODE 



SOURCE . 
CODE 

(HIGH-LEVEL 



ASSEMBLER 

.W d'JKlU, 



^OBJECT 
CODE 



COMPILER 



tana: 



.OBJECT 
CODE 

(MACHINE 
LANGUAG^)^^ 



you concentrate on the task you are pro- 
gramming. The compiler may generate; l^s 
efficient object code, but good compilers can 
sometimes generate more efficient object 
code than you cOQld hav^3mtten js assembfljf 
langua^. do '-IG JO 

SYMBOLIC NAMES 

The primary advantage of using assembly 
language instead of machine language is the 
ability to use symbolic names. Let's illustrate 
this point using assembly-language source 



code; 






CYCLE: 




. ■ ■ ; "' :n. 


IN 


AX,5 


;read word from port 5 into AX 


INC 


AX 


iincrementAX ■•; i .7 


OUT 


2,AX 


iwrite result to port2t : ,- ro. 


JMP 


CYCLE 


;keep repeating 



The above program is simpler to read and 
understand because it uses symbolic names 
instead of numbers as much as possible. The 
opcodes of the four instructions are 1 1 100 10- 
01000—, 1110011-, and 11101011 in the 
object code. They are IN, INC, OUT, and 
JMP in the assembly-language source code. 
SymboUc names for opcodes are called 
instruction mnemonics. The S5mib<sliel)pee^ 
names used throughout this book are the 
instruction mnemonics of ASM-S6 that gen- 
%!ratc' ' tjorresponditfg 'bit 'pat^Asf^Bf ©bjecit 
code. 

Register Names 

Besides the opcode fields, there are other 
fields in the object code (see above example). 
The contents of these fields must be specified 
in the assembly-language source code, so the 
assembler can generate the appropriate bit 
patterns in the object code. 

For example, the INC instruction has a 3-bit 
reg field, indicating which register is "to be 
incremented when the instruction is executed. 
The contents of this reg field are specified in 
' the sowcP^l^e by indicating the symbolic 
name (rf tte r egister, as in "INC AX." _ ___ 



0^9 



The symbolic register names used in ASM-86 
are the names that are osed for the registers 
throughout this book — 





©1" ■■ ' 






BX 


CL 


DH 


CS .3§£u;ii.ji 


cx 


DL 


BP 


DS 


DH 


AH 


SP 




AL 


BH 


SI 


ss 



I ./« L . - '^I'iKn ai!f>d;r 0) vhiid;) 
Input/Output 

Both th^ IN and OtfT insto6tiom"have at 
1-bit w field and an 8-bit port number field. 
The port numbers are simply specified in the 
source code by "IN AX,5" and "OUT 2,AX". 
The w field is specified more subtly by the 
presence of the AX in "IN AX,5" and "OUT 
2,AX". Input/ output always uses AX when 
words are involved and AL when bytes are 
involved. So the appearance of AX instead of 
AL in the IN and OUT instructions indicates 
that the w field is a 1. (The AMS-86 conven- 
tion is to place the destination before the 
source; hence AX precedes port number on 
the IN instruction and follows it on the OUT 

instruction). . 

. :. . i, ;;b- v-i. > . v-M !> . . 

.-ilumpCydle' 

Another example of a symbolic name in the 
above program is the label CYCLE on the IN 
itn8tructi6n;^This permits the JMP instruction 
to refer to the location of the IN instruction 
by name as in "JUMP CYCLE ." The 
assembler now has enough information to 



determine that this is a jump backwaFfls.of 
siG^eti -byfei'^rajid;' cain 'gerifeiate; : a- v7 in, th6 
appropriate field of the JMP instruction.- j 

A Complete Program 

In the previous section, we used a fragment 
of an ASM-86 program. To make that frag- 
ment into a complete program, we need some 
additional statements (see below). 

This entire program will reside in a single 
segment in the 8088 memory. During the 
assembly process, we don't know (nor do we 
care) where that segment will be located; that 
decision will be made prior to loading the 
^gm^tWtP memory. . , . , , . v 

During the assembly process, we refer to the 
starting address of the segment by the sym- 
bolic -fl^me TN-ANJDijOUT- Lnaesr4r rand ,7 
delimit the extent of the segment; line 1 

introduces the segmerit names IN_ANE) 

OUT, and line 7 marks the enn/ iof^^-segr 
ment (ENDS). 

Line 8. flags the ,eRd,£}f thSil^urice prpgrar^ 
thereby telling the assembler that there are no 
more lines to assemble. Furthermore, it indi- 
cates that when the program is executed, it 
should start with the instruction labeled 
CYCLE (line 3). -"~ ' • 

The object code generated by the assembler 
specifies the contents of all relevant memory 
locatioQ»#i»^histi^iag taidett^ 



1. IN.AND_OUT 

3. CYCLE: 

6. 

. ,7, ltvLAND_OUT 



SEGMENT . ! 
ASSUIVflE-^^^i; OS: I 



IN 

INC .. 

OUT 

JMP 
ENDS 

.'J .1 'isis to siotsn 



AX.fe 

Ax; 

2,AX 
CYCLE 

, CYCLE 



aaoo 
i''T 

0?'. -10 



istart of segment 



j' 



■end of segment 
;end of assembly 



the segment is SUM, defined to be a byte 
(DB) of data. 

I^rip^stion mark on line 2 indicates that 
the geoenited object code needs to reserve a 
place in memory for SUM, but it need not 
specify any particukr initial; coytefats for iflAt 
location. MY_DATA is apparently going to 
be used as a data segment. 

Lines' 4-18 defthe anotiier sfegmehf with the 
name MY_CODE. An examination of lines 7 
to 17 reveals that the segment contains 
iBstFuctions for useasra ebde segment. ' 

Line 19 flags the end of the source program 
and indicates that when the program is exe- 
cuted, execution should start with the instruc- 
tion labeled GO (Une 7). 

Aissumption About OS 

The ASSUME statement on line 5 tells the 
assembler what it should assume will be in 
the CS and DS rejp^tfsf ''J^n $hf;;segmei^ of 
code is executed. 

;data segment 
;reserve a byte for SUM 

;code segment 



§. 




ASSUME 


CS:MY_ CODE, DS:MY_ DATA 










;contents of CS and DS 


6. 


PORT_VAL 


EQU 


3 


;symbolic name for port number 


7. 


GO: ■ • 


MOV 


AX,MY_ DATA 


initialize DS to MY_ DATA 


8. 




MOV 


DS.AX 




9. 




MOV 


SUM,0 


;clear sum 


10. 


GYCLE: ' ■ 




SUM,100 


;if SUM exceeds 100 


11. 




JNA 






12. 




MOV 


AL,SUM 


;...then output SUM to port 3 


13. 




OUT 


PORT- VAL.AL 




14. 




HLT 




;...and stop execution 


15. 


NOT_DONE: 


IN 


AL,PORT_VAL 


;otherwise add next input 


16. 




ADD 


SUM.AL 




17. 




JMP 


CYCLE 


;and repeat the test 


18. 


MY_ CODE 


ENDS 






19. 




END 




.:i#itB>iS' thei iendt Mthie assembly < ' 



The ASSUME statement on line 2 compUes 
with the following rule: 

at the very beginning of any segment mntarn^ 
if^ code, we must tell the assembler what to 
assume is in the CS register when that code is 
executed. This will always be the starting 

address, without the last four "0" bits of the 
segment, so we must include the statement: 



ASSUME CS: Name_of_segment 



ASM-86 Program Structure , , 

Now consider a more detailed ASM..86 pro- 
gram (shown below) to understand the 
structure of such programs in general. This 
program will be referred to as the "sample 
program" throu^but this chapter. 

Line I introduces a segment somewhere in 
the 8088 memory (we don't care where) and 
gives it the name MY_DATA. 

M«^E5iS^s^ll?iS^gW?5i".The only thing in 



1. MY _ DATA SEGMENT 

2. SUM DB ? 

3. MY_DATA ENDS 

4. MY^CODE SEGMENT 
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The need for an assumption about DS is that 
some assembly-language instructions in the 
pode segment access data directly, particu- 
larly, the byte SUM. The assembler must 
generate machine-language instructions that 
address SUM using the direct addressing 
mode. These generated instructions specify 
the offset of SUM and some segment register, 
tj^ically DS, containing the starting address 
of the segment (namely MYDATA) eontaiQ- 
ingSUM. 

The assembler nebds to?linow "which segflal^ 
rasters (if any) will contain MY_DATiA's 
starting address, at the time these instruction?, 
are executed. With this information, Ae,: 
assembler can determine if a segment-over- 
riding prefix is required on these instructions, 
and if so, which segment register should be 
specified by the prefix. It would be the case if, 
for example, MY_DATA's starting address 
^epe-cda^tfifi^ 'B^ ffi ES. Furthermore, if 
none of the registers will contain MY_ 
DATA'S starting address at instruction- 
execution time, the assembler knows that it 
cannot generate any instructions capable of 
accessing SUM and will be able to report this 
error at instruction-assembly time. 

SUMMARY 

So, why assume some segment register would 
contain MY_ DATA'S starting address at 
instruction-execution time? So that SUM ^pp,i 
be accessed. Why is DS used? Because no 
segment-overriding prefix is necessary. Make 
sure this assumption is satisfied by executing 
certain instructions (lines 7 and 8) prior to the 
first access to SUM. 

PORTS 3 AND 4 - 

Line 6 specifies that PORT_VAL is equiva- 
lent to the constant 3. This permits PORT 

VAL to be used in place of 3 on succeeding 
lines. This makes PORT_VAL a symbolic 
name for port 3 and refers to PORT_VAL 
whenever pBl£#'is><n^rated.!lfc@iv^fi#e decide 



to rewrite the program to use port 4 instead, 
we need make only one change: line 6 is 
changed to: 

V ^PORTiyyuii EQU'4 ■ 



The instructions on hues 7 through 17 will 
keep' adding inputs from ptnt 3 iintil the siapt 
exceeds 100, output that sum to port 3, then 
halt. This is accomplished as follows: The 
instruction on line 7 puts ^ the 16 most- 
significant bits of — the starting address of 
segment MY.DATA into register AX; on line 
8'this value is moved from AX to DS. This 
m&kes SUM accessible in suc^ding in^ 
structions. 

The instruction on line 9 initiaUzes SUM to 

0. Observe that on lines 7, 8, and 9, the desti- 
nations, such as SUM on line 9, are always 
}\metm t^fbfe m& sources, as oh line 9'. 

Line 10 compares (CMP) the value in SUM 
to 100 and sets processor flags, indicating 
comparison results. 

Line 1 1 tests the flags and jumps, if SUM was 
not above 100 (JNA). The target of the jump 
is the instruction labeled NOT_DONE (Une 
15). If the jump on line 11 isnot taken (SUM 
> 100), the SUM is moved into AL (line 12); 
the contents of AL is sent to output port 3 
(line 13), and the processor halts (line 14). 

If the jump on line 1 1 is taken (SUM < 100), 
the value on input port 3 is sent to AL (Une 
15), added to SUM (line 16), and the jump on 
'jJipt 1;7 itensfers co^^^l back tofjipe J^Q; 

Geii^nH Conclusions 

^^^6w, from the above example, what can be 
n6#£4' about the structure of an ASM-^ 
program? It consists of one or more segment 
blocks followed by an END statement. Each 
seginen^ block £^ with a SEGMENT 
statement and ends 4nth an ENDS (end-of- 
segment) statemei^.^^tween the SEGMENT 
and @$^S statei^iiW is a sequence of otheif 



statements. Each statement normally occu- 
pies one line. If succeeding lines are needed, 
they start with "&". The structure of an 
ASM-86 program is: 







NAME1 


SEGMENT ^ 




s):$tement : ^ 




statement 


NAME1 


ENDS 'z:rn..''.sy- 


NAME2 


SEGMENT 




statement 






.a Ml'' x 


'J IP 




statement 


NAME2 


ENDS 


i i 
1 


* END"^ 



The programs presented here all dispjay a 

consistent tabular pattern. 

Such tabulation is not part of the program 
structure; itiisr epttonal tectbe asi^igiiler, but 
highly recommended to make programs eas- 
ier to read and understand. 

In the untabulated version of the IN_AND 



OUT program below, the assembler would 
assemble faster, but the program would be^l 
much less-comprehensible to us. 

Tokens 

Befim-e examifMtg tth&>jdndi'(^ statements' 
from which ASM-86 programs are built, we 
must become familiar with the building 
bldCks of statements," Statements are com^-i 
posed of such things as identifiers, reserved 
words, delimiters, constants, and comments. 
These building blocks, sometimes called tok- 
ens, are described below. 

IDENTIFIERS 

Identifiers are names that you, the pro- 
grammer, are free to make up. Identifiers in 
the sample program are SUM, CYCLE, and 
PORT_VAL. An identifier is a sequence of 
letters, numbers, and underscore characters 
(_), but may not start with a number. An 
identifier may be up to 31 characters long, 
which means the length is practically unlim- 
ited. Examples of identifiers are: 



X 

GAMMA,., 
JACKS 
THIS_NODE 
THISNODE 



The last two examples are indeed different 
identifiers. 



IN_OUT_OUT SEGMENT 

ASSUME CS:IN.ANCLOUT 

CYCLEilN AX,5 

INC AX 

OUT2,AX 

JUMP CYCLE 

IN AND OUT ENDS 

END CYCLE 



;start of segment 
;that's what's in CS 



;end of segment 
;end of assembly 
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RESERVED WORDS 

Reserved words, look like identifiers, but. 
they have a special meaning in the language, 
and you must not use them as identifier 
names (Fig. 2-14). The sample program uses 
reserved words like SEGMENT, MOV, 
EQU, and AL. Thus, it would be perfectly 
acceptable for tis to inakes.iip a name 'Tifete:' 
EQUAL as in: 

but it would be iE^ipipper for us to write; . ' 

EQU DB ? 

Refer to pg. 2-43, Fig. 2-14 for complete list 
of ASM-86 Reserved Words. 

DELIMITERS 

DeUmiters are non-alphanumeric characters 
that have special meaning in the 8088 assem^ . 
bly language. In the sample program, we saw 
such deHmiters as : and ;. In this chapter we 
will use many of the deUmiters. For a com- 
plete list of delimiters in ASM-86, see Fie. 
2-13. - 



CONSTANTS ^ 

Constants , ap . fixed values appearing in^ 
ASM-86 programs. In the sample program 
there are constants 0, 3, and 100. These are 
whole-number constants. The assembly lan- 
guage also allows for string constants. 

A whole-numbex constant is any non- 
fractional number between and 65535 (2'* 
— 1). It is normally written as a decimal 
number, but can also be written in binary, 
ending with a B,'ortaEl, tending with a Q, or 
hexadecimal, ending with an H. i 

To avoid confusion with identifiers, a hexa- 
decimal constant must start with a numeric 
digit; a leading zero would suffice. Examples 
of whole-number constants are 15, lOlOB, 
27Q, 3A0H, and 0BFA3H. 
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String Constant 

A string constant is one or two characters 
enclosed with aposliti^lSSS-f Strings of more 
than two characters are permitted in res- 
tricted cases, but are not discussed here. An 
apostrophe itself may be included in a string 
constant by writing it as two consecutive 
apostrophes. Examples of string constants 
are 'A', 'AB', and "". The last exaniple iS the 
string consisting of the apostrophe character. 

The value of a string constant is the ASCII 
cpde of the character(s) in the string. For 
j^^mple, the value of 'A' is 41 H an4 the vajue 
pf 'AB' is 4142H. Thus, string constants and 
whole-number constants can be used inter- 
chaiigeably. 

COMMENTS i> ; 

Any sequence of characters following a semi- 
coloh (;) up to the end of the line are com- 
ments. They are ignored by the assembler 
,aM §bpujd.t).e used gg^ergysly in your pro- 
gram to document what you asFe,4oiiig, !\^liile 

'^°ra^MjAV.Tqoq,Xn- ' QUA 
JMS^ M CX ;iinGremaF(t C;^.;.- n 

convey little information, comments like 

-MC dX" ;increment outer i; 
9tU 'v.u*> loop counter 

b;:('ii'; A :.■ ■. .. \- ■ ^ 

Expressions 

One more building blosk, namely expres- 
sions, must be introduced before ;we; can 
build statements. Expressions are built up 
from some of the tokens just described. 

Loosely speaking, an expression is a sequence 
of operands and operators combined to pro- 
duce a value at program assembly time. How 
are operarids and pperators combined to 

OPERANDS 

Jito .operand is SPmethdiig that has eithgr a 



QpefiW^^ith numeric values are constants, 
or identifiers that represent constants. Some 
numeric-valued operands, appearing in our 
sample program are 100 and PORT_VAL. 
The permissible range of values for such.oper- 
ands is from -65,535 to +65,535. 

NflteHbat the 'Wlue of^ian operand imj^' be 
negative, but a constant is never negative. A 
niinus sign can be written ;in front pf a cpn- 
^llt,i:feut is ;neve!r/iGPn§j<dejc©d ^ p^jt pf the 
cpnstant; it is an arithmetic pperatpr. 

Memory-Address pperands are frequently 
identifiers, such as SUM and CYCLE inthe 
sample program?, -Jhe.jakip flf a memory 
address is not simply a number; it is a set of 
components, each component generally being 
a number. One component is the 16 most- 
significant bits of the segment starting address 
where the memory address is contained. The 
four least-significant bits of a segmeftt start- 
ing address are always zeros. 

Another component is the offset address 
within the segment. These two components 
are referred to as the segment and offset of 
the memory-address operand. 

Another operand is an expression itself, 
enclosed in parentheses, and used in some 
bigger expression, as in 3*(PORT_VAL+5). 

OPERATORS 

An operator takes the value of one or more 
operands and produces a new value. There 
are five kinds of operators in AS M'-86 

1) arithmetic operators j h' 

2) logical ppOTatorifjJijanf fc yba.vrjy-', -M-i i 

3) relational operators ' 

4) analytic operators , 

5) synthetic opera.t6wwoHr: :■>'; y.y • lasn: ; i 

Arithmetic Opetpators > 

Arithmetic operators are the famiUar addi- 
tion operator (+), subtraction operator ( — ), 
multiplication operators r|*); and division 
operator (/). Another arithmetic operator, 
MOD, produces the remainder after doing a 
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division. Thxis 19/ 7 is 2, whereas 19 MOD 7 is 5; 

Arithmetic operators may always be applied 
to a pair of numeric operands, and the result 
will be itiuineric. tTie rules for applying 
arithmetic operators on memory-addressing 
operands are more restrictive: such opera- 
tibns: arSe 'ivaljd mtfy if the if^stdt hm/-^ 
meaningful physical interpretation. 

For example, the product of two memory 
si3dresses has Qd ttieaningful interpretatibli. 
What segment would it be in? What offset 
would it have? Hence, it is a prohibited 
operation. 

The difference of two menioty addresses- ill 

the same segment is the numeric distance 
between them — the difference in their offsets. 

The only other meaningful arithmetic opera- 
tion on a memory address is adding or 
subtracting a numeric value. Thus SUM+2, 
CYCLE-5, and NOT_DONE-GO would aU 
be valid expressions in the sample program. 
SUM_CYCLE would not be a valid expres- 
sion because they are in different segmeiits; 

NOTE: The value of SUM+2 is a memory 
address two bytes beyond SUM in the MY 

DATA segment; it is not the numeric value 

that is 2 plus-the-contents-of-location-SUM. 
Such contents are not known until program 
execution, whereas expressions are evaluated 

Ix^teabQ^rators 

The l^feal operators are bit-by-bit AND, 
OR, XOR (exclusive-or), and NOT. 

The operands of logical operators laust <be 
numeric only — memory-address operands 
are not allowed — and the result will be 
numeric. This is shown by: , • - o ' ( ' 

lOIOIOIOIOiOIOlOB AND iiooi.iooi<taet^B: 

is 1000100010001000B; 
11001 1001 1001 100B OR 11 1100001 11 100008 

is 11 0000001 1000000B; 
!NOT11-H111111111111Bis0000000000000D00B- 

and, ■ 

111ibdOO11110b00B XOR SUM is invalid. 



As an example of logical operators, con$id^ 



IN AL,PORT_VAL 

OUT PORT.VAU AN D OFEAH, AL 



The IN instruction gets input from PORT 
_VAL, MerfeVer that is. 

Execution of the OUT instruction sends out- 
put to port PORTJVAL AND OFEH, which 
is either the same port, if PORT_VAL is even, 
or the next lower-numbered port, if PORT 

VAL is odd. The actual port value of the 

OUT instruction is determined when the 
instruction is assembled, not when it is 
executed. 

Observe that AND, OR, XOR, and NOT are 
instruction mnemonics as well as ASM-386 
operators. As ASM-86 operators, they cause 
a value to be computed when the program is 
^Ing a^rnbled: Asl instruction mnemonics, 
they perform their roles when the program is 
being executed: 

AND DX,PORT_VAL AND Oj=^EH ' 

will caQse fhfksssiniMer to cofk^ute the vkJtfe 
of PORT_VAL AND OFEH and then gener- 
ate an AND-immediate instruction contain- 
ing t-hat vaiae^ in ite data fieW. When '^s 
instruction is later executed, it will cause the 
contents of the DX register to be ANDed 
with that va^'t^ tffi^'¥^^ pktdedf i£t tite 
DX register. r^^c. x3 

Relational Operators 

1) Equal (EQ) 

2) not-equal (NE) 

3) less-than (LT) 

4) greater-than (GT) 

5) t J^^than-or-(e.qual (LE) 

6) greater-than-or-eqtial (GE) 

PORT_VAL LT 5 is a relational operator. 
The two operands must both be numeric or 
must both be memory addresses VftAk^. satye 
sepnent. The result is always a numeric 
value. It will be 0, if the relationship is false. 
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and OFFFFH (16 bits of jl's);5fi die. relation- 
ship is true. - -■ 

Using a relational operator ' ^ 

MOV BX,PORT_VAL LT5 

The assemblei^ will ^s$emble -r m m 

MOV BX.OFFFFH 

if th^ value of PORT_VAL is < 5; 

dtliefwise the assembler will assemble ' ! 

MOV BX,0 

At first it may appear that relational opera- 
tors are not useful. It's not often that you 
want to generate an instruction with a field 
that contains eithef'O'Si: dPFFFH; tahU 'ito 
other choices. However, by combining rela- 
tional operators with lo^cal operators, the 
i^tionafTesulte bf^irtd OFl¥Pfi( tan 
molded into any numeric values" 'yOu 
"desire: 



toiOV BX,((PORT_VAL LT 5)AND Stj) 
^^t)R ({PORT VAL GE5) Af^p^J^X ^ Z^^ 

'Willasseiifible 

Uoy -Bx.^D M,/'"v'^, 

if PORT_VAL is less than 5, and 
MOV BX,30 

otherwise. 

Note the generous use of parentheses to force 
thet onief that operators are applied. If you 
always use parentheses to make the ordering 
explicit, you won't haye to memorize the 
rules about :Whi#h -QP^jors g#; @M^wted 
first. 

Analytic Operators 

T%e analytic opijtatbi^ decottiposfe rheihory- 
address operands into their components, 
while synthetic operators build memory- 
address operands from their components; 'i^l? 
discussion of these operators is presented 
after we learn more about memory-address 
operands, (see page 2-30) 



Statements 

There are two icinds of ASM-86 program 
statements: instruction statetnents (KfOV, 

ADD, JMP, etc.) and directive statements 
(DB, SEGMENT, EQU, etc.) 

Each instruction statement causes the assem- 
bler' to generate ari 'instruction in the object 
code. Directive statements tell the assembler 
what kind of code to generate for succeed- 
4rig iristructioil statenients. The directive 
statement 

MY_PLACE DB ? 

tells the assembler that MY_ PLACE is 
defined as a byte. The assembler allocates a 
memory address for MY_ PLACE. Later, 
when the assembler encounters the instruc- 
tion statement 

it will generate an object code instruction to 
increment the contents of MY_ PLACE. 
Because of the previou^^hCdiititered direc- 
tive statement, the assembler will know to 
place a '0' (to indicate a byte) in the w field of 
the increment instructioos, 'iivibs, ;■ ' 

The formats of the two kinds of statement are 
similar. The instruction statements are of the 

form :!o-.:-i^cit- 

label; mnemonic argument argumeRt" 'icommeiit 

The directive statements are of the form 

name directive argument argument ;comment 

^hf; l^bel in an instruction statement is fol- 
lowed by a colon, whereas the name in a 
directive statement is not. This highlights 
the difference between the two kinds of 
statements. 

A label associates a symbolic nasie with the 
location of an instruction. A label can be 
used as an operand in a jump or call 
insti^fftion. /IHT 
The name in a directives csfil^inent has no 
relation to an instructioir loia^on and can 
«ev#r be j umped to. 



2-27 



L^aocis in mstrucuon siaiemetus -arcsuw^s 

optional; names in directive statements can 
be mandatory, optional, or prohibited, depend- 
ing on the p»rticular~(tirective. (■^:> : 

Mnemonics in instruction statements specify 
the purpose of the statement. Directives, in 
directive statements, specify the purpose of 
the statement. The instruction mnemonics 
correspond to the set of approximately 100 
opcodes available in the 8088. The directives 
correspond to the set of some 20 functions 
provided by the ASM-86 assembler (I-'ig. 
2-14). ' " ' " 

The mnemonic or directive may require addi- 
tional information to define its purpose 
completely. This information is provided by 
a sequeiice 6f arguments. 

Optional comments make the program more 
readable; when present they must be pre- 
ceded by a seffiicolcwi. " ' ' 

Directive Statements 

The various directive ^statements in ASM-86 

are: 

1) symbol-definition ' 

2) data-d^nition , -t, ■ -r>i 

3) segmentation-definition;! jiii > 1 ! . ' 

4) procedure-definition 

5) terroination 

Symliol-Definition Statements 

The EQU statement provides a means for 
defining symbolic names to represent values 
or other symbolic names. The two forms of 
the EQU statement are illustrated: 



sorae-exsmifMes are? 



■.IK 



name 
new name 



EQU- 
EQU 



expression 
old.name 



BOILING_POINT EQU 
BUFFER^SIZE EQU 

NEW_PORT EQU 
COUNT '^''"EQU 



212 
32 

PORT_VAL+i 
OX 



The last example ^^rs from the other three 
in that COUNTjdoes not represent a value; it 
is a syrionym%r the CS register. 

A symbolic name can be "undefined" by a 
PURGE statement so it may later represeht 
something entirely different: ' 



■^1 



PURGE 



BUFFER_SIZE 



Data-Definition Statements 

Data-definition allocates memory for a data 
item, associates a symbolic name with that 
memory address, and optionally supplies an 
initial value for the data. SymboUc names 
associated with data items are called vari- 
ables. Examples of data-definition statements 
are: (see below) 

In the example below, THING is a symbolic 
name associated with a byte in memory, 
BIGGER_THING with two consecutive 
bytes in nMa»o#yjt «iid BIG<JESTi_f rt&JG 
with four consecutive byt^i^ Jmmory. l 

Initial Values 

Before we can discuss the question marks (?), 
we need to intr0dii®e*tihe"eoncept' ©f initial 
values of data items. 

The object code produced by the assembler 
contains the I's and O's that make up each 
instruction and the memory address at which 
each instruction should reside. After tl^e 
object code is produced, the instructions a(e 



THING DB ? idefines a byte 

BIGGER_THING DW ? ;defines a word (2 bytes) 
.BJGGEST_THING DD ? ;define»«;idmiblew®rd (4 bytes) 
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loaded into memory at the indicated addresses 
and then executed. 

At the time the instructions are loaded', itinMl 
values for data items could also be loaded 
into memory. This means that the object 
code, besides ioAtaMHg iiistrucitibif^ ' aiiU 
their addresses, may also contain initial 
values for data items and their addresses. 

iaMlil /hfaS^ me ' sped&idi'^td "the 
assembler in the data definition statements. 

The following statement will cause the 
assembler to produce object code that, when 
loaded into mehiory, will result in a 25 being 
placed in the memory address allocated to 
THING; 

A question mark in place of an initial value 
means that we do not choose to specify an 
initial value for that dat^ item; we will be 
satisfied with whatever initially appears in the 
corresponding memory location. 

\yhen the assembler ^ees^^the question mark, 
it still allocates memory for the data item, but 

does not produce object code to initialize the 
memory location (although it could). , 

IiP^li6rai, theinitkfvdUft'ColiM Wsp 
by an expression, since expressions are eval- 
uated at assembly time. So we can write 
statements like: 



IN.PORT 
OUTLPORT 



DB 
DB 



PORT_VAL 
PORT_VAL+1 



Recall that expressions come in two'^a^feties 
— numeric and memory address. It is mean- 
ingful to initialize either a byte, or a word, or 
a double'word 'with a numeric valuer But, 



what about a memory-address value? It won't 
fit into a byte, but the offset component fits 
into a word; and, both the offset cofttpoitents 
fit into a double word. So we can write 
initialization statements like those shown at 
the bottom of this page. 

The initialization of LITTLE_CYCLE per- 
mits an indirect intrasegment jump or call 'to 
llse'ffl64!^ftettrlialitetf MTrtiE_C?YeEE^b 
transfer control to the label named CYCLE. 
Similarly, an intersegment jump ox call 
transfers control to CYCLE by using the data 
item named BIG_CYqLE. 

Tables 

Sp far \ye havq; usedi jdataTdeifinitio.n state- 
ments- ;to4<ilQe pnesibyte^ word, ®r double- 
word at a time. Often, we deal with tableS;Of 
bytes, words, or double words. For example, 
the 8088 XLAT instruction uses a table of 
bytes to translate an encoded value into the 
same value under a different encoding. The 
8088 interrupt mechanism uses a table of 
double-words, starting at memory location 
to point to the starting addresses of the inter- 
rupt service routines. And, tMi.^88 stili^ 
instructions operate on tables of bytes or 
words containing the string elements. , , . , 

A table is defined by placing severalninitial 
values OQ af-,<|^ta-definition statement. The 
following statement defines a table of bytes 
containing powers of 2: 

POWERa^ ^'fcfe*'^'""' 1,2,4,8,1 6 

The byte at the memory address correspond- 
ing to P0WERS_2 will be initiahzed to 1 
(When ti^OtpGft-eede<is loadsd'itftd^M^ory): 



LITTLE.CYCLE 


DW CYCLE 


iQffset of CYCLE 






ii,qfe;r^YPLE 


loffset an^ ^e^jri^nt ,9< 


.CYQLE. . . 






':iot.;/u 


'■' t'O .3 ■ r/'> 


CYCLE 


MOV BX.AX 




■ ■ ■ 1 : 
■ . . . il 


■JUJ: CftJ :;.ui.L. -Sri'! .i ..; 


lar-fi ?.a*:bbr. 




h lfu'^ li 'Vw'ih 'If! 
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The next four bytes will be initialized to 2,4,8, 
and 16, respectively. A table of bytes, all 
fflkia&iedt (to mto, can be ^defiaed by 

ALL.ZERO DB 0,0,0,0,^).0 " 

or by the shorthand notation / ^ . 

ALLZERO DB 6 DUP (0) 

And, finaJUy, an un-initialized table can be 
defined hi eit}ieir of t|ii& f^UoMdog^uimletU 
statements: 



?,?,?,?,?,?,?,? 
8DU'P(?) 



DONT_CARE DB 
DONTCARE DB 

TYPES OF MEMORY'tbcAflbkb 

ASM-86 associates a type with every memory 
location referred to in the program so it can 
gdtietate tfie ebiffecf cc^ef fbt M^ct?6ns tMt 
accesses memory. For ebcample, the data- 
defmition statement ' 
SUM DB ? ■''^^^ 

informs the assembler that the memory loca- 
tion SUM is of type BYTE. Later, when the 
assembler encounters an instruction state- 
ment such as 

mB. ^.1®UM: b:.A .^':<i.\sfj. i--^ Ti- 
the assemteef Tivill know tb^^alefatfe 'a'IS^e- 
incremefli^ihsiiTiction, rathfe?-ffiMi'*a 1»dW- 
indreintot instf mctieSii ' r o '"^sb --a 'i.t A 

A memory location can be one of the follow- 
ing types: - 

1) BYTE of data, as in: ■ ' 

SUM DB ? ;definingal5yte 

2) WORD of data (two consecutive bytes), as 
in: 

BtGGERJUM DW ? idefining a wor(;J 

3>' DW0RB'o£>dht»(fouk!c@ii»seUt»eib>yt^i 
as in: 

BIGGEST ^UM DD ? ;defining a doubleword 

4) NEAirkstrdJrti^'ilg^^ lh/- "° 

CYCLE: CMP SUM, 100 

5) FAR instruction location: 

(means of defining such locations will 
bejdiscussed shoctlyji 



An instruction location caa appear in a jump 
or call instruction statemefat; The assembler 
will generate an intrasegment jump or call if 
the location type is NEAR, and an intersegr 
ment jump or call if it is FAR. For exampl^j 
the labeled instruction statement ^Sp., 
CYCLE: CMP SUM, 100 
informs the assembler that the memory loca- 
toi GYeiiE:s-0f type NjEARJ (We- wffl^ 
shortly how the synthetic operators PTR and 
THIS are used to define a memory location 
of type FAR). l4t,er, ^|hen the assembler 
encounters an instructioi| ^cj:^ , , , 
JMP; CYCLEr, ;! - 
the assembler will know to generate an intua'- 
segment j,ump, in«|;ruction, rath^ ^^ifn 
intersegment jump instruction. 
A memory address built by adding or sub- 
tiiacting a. ni^njeric value ^o,qrjrro«ti sojj^i^ 
ot^er mepqry address has the sai^e tj^e^as 
the origiria;! memory address. For example, 
SUM+2 is a BYTE, BIGGER_SUM-3 is a 
WORD, and CYCLE+1 is a NEAR instruc- 
tibn location? ^'^ , , , , ,r .m, 
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ANALYTIC AND SYNTHETIC OPERATORS 

W&now knowenou^iab^^t m^o^.^d^e^t 
ses to complete the discussion of operators. 

The analytic operators decompose memory- 
address operands into theit^ >'ebttip©fteBtS. 
These opjerators are: 

1) SEG ■ -30 

2) OFFSET 

3) TYPE ■ ■ t( «irnoD ijn'ii^?'!-:n r;,-'! Ii: o-^>3 

4) SIZE 

5) LENGTH 

Tlie SE©'6pera£foi- return!S'1fhe' segment comi- 
ponent of the memory-addtS^ss .operand. The 
OFFSET operator returpji ^ bffs,et compo- 
Beat. BOTh of these compoAents arfe' generally 
numeric values. 

The TYPE operator returns a numeric value, 
which is the type component qf the memory- 
-addxm_QpiraiiKL The -vaiue joi_the lype 



ARCHITECTURE AND INSTRUCTIOi^ 



component for the various memory-a4dress 
operands is: 



Memory Address Operand 


Type 
Component 


BYTE of data 


1 


WORD of data 


2 


DWORdofdata 


4 ' 


NEAR instruction location 


-1 


FAR instruGli'on location 


-2 



Notice that the type component for bytes, 
words, and double words corresponds to the 
number of bytes that each occupies. The 
value of the type component for instruction 
locations does not have a physical inte5^c^a.T 
tion. 

The LENGTH and SIZE operators apply 
only to data-memory-address Operands 
(BYTE, WORD, or DWORD). 

The LENGTH operator returns a numeric 
value for the number of units (bytes,. WQrd% 
or double words) associated with the memory- 
address operand. ; i' . 

The SIZB'l^eratoir 'fetuMs a mmM& ^"liife 
for the number of bytes allocated for the 
memory-address operand. For example, if 
MULTIWORDS is defined by 
MULTLWORDS DW 50 .DtJP (©) 

then LENGTH MULTI3'ORDS is 50 and 
SIZE MULTI_WORDS is 100. Notice that 
SIZE X is equal to (LENGOT-5Q* (TYPE 
X). 



PTR and THIS 

The synthetic operators build memory- 
address operands from their components. 
These operators are PTR and THIS. 

The PTR operator builds a memory-address 
operand that has the same segment and offset 
of some other memory-address operand, but 
has a different type. Unhke a data-definition 
statement, the PTR operator does not allo- 
cate memory; it merely gives another mean- 
ing to previously-allocated memory. For 
example, if TWp_BYTE were defined by, 

TWaBYTE DW ? 

thfen we could MUBefftsfi&tsbjrte in the word 
as follows: 

ONE_BYTE EQU BYTE PTR TWO_BYTE 

In this example, the PTR operator creates a 
new memory-address operand having the 
same segment and offset components as 
TWQ.BYTE, but having a type component 
of BYTE. We can name the second byte of 

OTHER_BYTE EQU BYTE PRT (TWO_BYTE-H ) 



or more simply as 
OTHER.BYTE EQU 



0NE_BYTE+1 



The PTR operator can also create words and 
doublt-woliS'^ ilusteated below: 



MANY BYTES DB 
FIRST WORD EQU 
SECOND DOUBLE EQU 



100 DUP (?) 

WORD PTR MANY_BYTES 
DWORD PTR (MANY_BYTES 



VVC ' . 

;an array of 100 bytes 



I nr.;).;:>,:;.CHg'3i^ ,;pR-,|:j 
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Further, the PTR operator caaieieatcdQSa* 
tions of instructions: 

INCHESs.T^ i V. f; ;5T<. CMP SUM.IOOf 



MILES ' EQU 
JMP 

Notice that the above shows wayf td* 'build 
new memory-address operands from old 
ones by 

1) using the PTR operator as in BYTE PTR 
TWO_BYTE 

2) using expressions a$ in ONEJB YTE+ 1 ^ ^ 

3) using a cbthbination ot PTrk' and expres- 
sions as in BYTE) BW 0^W^WM+>y!^ -■ ft ; 
Expressions are useful when we wish to 
Change the offset component but leave the 
type component unchanged.' ' 

Neither expressions, nor PTR, changes the 
segment component. And the new memory- 
address operand, created by either expres- 
sions or PTR, will have a length component 
of 1 (providing it's not an instruction 

The synthetic operator THIS,: Uke PTR, 
builds a memory-address operand of a speci- 
fied type, without allocating memory for it. 
The segment and offset component of the 
new memory-address operand is the segment 
and offset of the next memory location avail- 
able for allocation. For example: 

MY_BYTE EQU THIS BYTE 

MY_WORD DW ? 

would create MY_BYTE with type compo- 
nent of BYTE, and with the same segment 
and offset components as MY_WORD. In 



'v.v, bbi." nom-j'T ?.v. y. \:u an; )n^.Rfi- -nt..! 
^. , ;type Of INCHES is NEAR 



;typeof MILES is FAR 
;intersegment jump 

this e:!ample, MY_EiYTE cowW baye been 
built with the PTR operator instead: 

MYiBYjE 'EQll^^ 'BYTE 

The THIS operator is convenient for defining 
FAR instruction locations: 

MILES EQU THIS FAR 

CMP SUM, 100 

Note that the use of the THIS operator in the 
example made it tinnecessary to have a 
NE>Af^ ' Ifl^feti'oftl > '\6m^m with' thfe ' sartie 
segment and offset as MILES. If we used the 
PTR operatqr instead of the THIS operator, 
$Hch>ciK I^^AiiinstjiucMora. woold have been 

Segmentation-Definition Statements 

The segmentation-definition statements orga- 
nize '<eu; program to use^the.8Q8^ ^en;iQfy 
segments. These directives are: . . = , 

1) SEGMENT... , ,j.v / 

2) ENDS 

3) ASSUME 

4) ORG 

The SEGMENT and ENDS statement sub- 
divide the assepibly-language source pro- 
gram into segments. Such segments 
correspond to the memory segments where 
the resulting object code will eventually Tje 
loaded. The assembler is concerned with pro- 
gram segmentation for the following reasons. 



FAR PTR INCHES 
MILES 



One*, intrasegmeilitj«^piaitid call insttmtttsns 

contain only the offset (16-bits) of the new 
location. Intersegment jump and call instruc- 
tions T^ui/ contaaa! ithje isegtnMt r (anoffiSt 
16-bife&) in addition to the offset. 

Secondi data-accessing instructions that use 
the current data iegthent and curreirt stadc 
segment in the maimer most optimal for the 
8088 architecture contain only the offset 
(16-bits) of the data locationL' Any! other 
instruction that accesses a data location 
within one of the four currently-addressable 
segments must contain a segment-overriding 
.pre^ ;(aii^qtljf r i8-biitg) ! AdfJitipn , tf) , l^e 



'dffsefe. fHere, current refers to when the 
instruction is executed, not assembled. 

Therefore, to assemble the correct object 
'code, the' assbnifele'r''{iitf^t kiiow the segment 
structure of the program and which segments 
will be addressable — pointed at by segment 
registers'^ When varidus instructions are 
executed. This information is supplied by the 
ASSUME directive. 

The following example shows how the 
^mums^) mmS-i-iAnd assume direc- 
tives can be used to define a code, data, exti-a, 
and stack segment: 

zir .. ., ■ '/:>■ ■ . Sill tiosVjmUm (-u bvjii 



MY_DAJA 


SEGMfiNT 

biT' ' 




:Jjjod£ 


wcH ..•'■H';.!>^ oiiii 


Y 


DW 


? Xa ot X oio it; 




Z 

MY_DATA 


ENDS 




OJ XQ Tto^l, AH" JA yo-„^ 


MY_EXTRA 


SEGMENT 








ALPHA'. 
BETA 


PB ^ 
DW 


! ^ ijijii aril to za^ibbs gmfu.lf 




GAMMA 


DD 








MY_EXTRA 


ENDS 








MY_STACK 


SEGMENT 








TOP 


DW 

EQU 


100 DUP (?) 
THIS WORD 


■;Qm 

'JO 


;this is the stack 

3TVP A'V; 


MY_STACK 


ENDS 






AT ACL ACr/-. 


MY_CODE 


SEGMENT 




■ '■ V. r^S: 




b.'i.- 


ASSUME 

ASSUME 


CS:MY_G0DE,DX:MY_DATA m 
ES:MY_EXTRA,SS;MY_STACK 




START: 


MOV 
MOV 


,. AX.MY_DATA 
DS.AX 




.'initializes DX 




MOV 


AX, MY_ EXTRA 




;initializes ES 




MOV 


ES.AX 








MOV 


AX,MY_STACK 




initializes SS 




MOV 


SS,AX 








MOV 


SP.OFFSETTOP 


•■/OM 


;initializes SP 


c-Q 3.!, 






VOM 




MY_CODE 


ENDS 
END 


START 
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Observe that tbencode at the fa^ offlie 
MX-CODE segment will, at program execu- 
tion, initialize the various segment registers to 
point to the appropriate segments, and the 
code will initialize the stack pointerj t9„P9^t 
to the end of the stack segment. 

The ASSUME statement makes the assem- 
bler aware of sf^eit -esglitet^la^'iwtte'm 
the code is executed. 

To illustrate the purpose of the ASSUME 
statement, let's consider code (within SEG- 
MENT MYjCODE) that moves the contents 
of byte X to byte ALPHA. T§ do .this, we 
need an instruction that moves the contents 
of.X into a register, say BX, and an instruc- 
tion that moves the contents of the register 
into ALPHA. How about: 

MOV BX,X ;f rom X to BX 

MOV ALPHA,BX ;from BX to ALPHA 

During execution of such MOV instructions, 
the 8088 processor would normally use the 
DS register to find the starting address of the 



segment where the specified item (X or 
ALPHA) is located. This will work fine when 
accessing X — the first instruction — because 
OS will indeed contaiii the startingaddressidf 
segment MYJJ AT Ai wbereiX i»i located. 

But, this will not work when accessing 
ALPHA — the second instruction — because 
the ^Mng address of segment MYJEXTRA, 
where ALPHA is located, will not be con- 
tained in DS. 

The> ASSUME statement "has niade the 
assembler aware that the first instruction will 
execute properly. The assembler is also aware 
(ffiatlks tb tfi^' ASSUME italemehf) that the 
starting address of MY_EXTRA, although 
not in DS, will be in one of the other segnaent 
registers — namely ES! The assembler, there- 
fore, generates a segment-overriding prefix 
for the second instruction so that it too, will 
execute properly. 

It's not always possible to know what will be 
in the segment registers when a particular 
instruction will be executed. Consider: 



OLD_DATA 
OLD_BYTE 
OLD_DATA 

NEW_DATA 
NEW_BYTE 
NEWLDATA 
MORE-CODE 



CYCLE: 



SEGMENT 

DB 

ENDS 

SEGMENT 

DB 

ENDS 

SEGMENT 

ASSUME 

MOV , r. 



CS:MORE_CODE 
AX,0l.ft-[)ATA 



MOV ,ATP Vi /5PS.AX. 
MOV' '^ES;aX 



ASSUME 



INC 



DS;0LELDATA,Eg:OtDLDATA 



OLD_BYTE 

\ T'' •■•I'., Vft 



;put OLD_DATA 
;...DS and 
;...ES 



into 



^' iWhat's in DS now? 



MOV 
MOV 
JMP 



AX,NEW_DATA 

DS.AX 

CYCLE 



;put NEW_DATA 
;...into DS 



MORE_CODE 



ENDS 
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The first time the INC instruction is exe- 
cuted, DS will contain OLELDATA and the 
mdratted -assuB^tiiin tovBS will tbeTcdrreeti 
But then DS will be changed to NEW 
^DATA, and the same IN G instruction will 
be lexiDOTted^ a' se©0*iid:j'#me. ;Thet€feTti,vtit 
would be wrong for the assembler to make 
assumptions about the contents of DS when 
thie^INC instruption is executed. The assem- 
bler must generate a segment-override prefix 
— specifying the extra segment on the 
INC instruction, evqD^3i^ijfhtii|W?'RB!f¥ii# 
would- be unnecessary on. the first exgcution 
oflM' ^^^^ .no.f^.^viKr..,:^ ,.-.n. .r^ 

In order to tell the assembler not to make any 
assumptions about DS, we must place the 
following assumption just before the INC 
mstmciictti: 



GYGLE: 



ASSUMii ,!DS:NOTHINQ. 
INd . . OLCLBYTE 



Prior to, or at the very beginning of any seg- 
ment containing code, we must tell the 
assembler (via an ASSUME statement) what 
it shiould assume will be in the CS regii^ff 
when that segment of code is executed. 

Instead of using an ASSUME statement, we 
could tell the assembler wluch segq^ent regis- 
ter should be used for the execution of each 
irait^uction. For example, the move of X to 
ALPHA ifl^r^l^fr,p!«fj^i#M^^t^^ 



^tteq as; 



■■■^niP. 



MOV BX, DS:X 
MOV ES:ALPHA,BX 

This says that DS should be used when X is 
accessed, and ES shouldj be used . when 



would normally use DSt^iheailexecuting these 
instructions, the assembler pasoduces a segment^ 
9j^f«ili>ng' . prefix -i <Miearf rge^feisaiting ■ • ol^eet 
twnde for the second instruction, but not for 
the first instruction. . ■■ 

Efficient Programming 

Now let's look at one of the shortcomings of 
memory segmients to s^e h get around it. 

Memqiy segn^ents .f^|M;<ijfs start qn 16-byte 
boundaries, Remember that the last 4 bits of 
segment starting addresses are zero. A seg- 
ment can be up to 216 bytes long. If ^ 
segment does not use all of its approximately 
^5,000 bytes, some other segment can start 
just beyond the last byte used by the first 
segment. But the second segment must also 
start on a 16-byte boundary, and, therefore, 
may not start immediately after the last byte 
used by the first segment. This me^nsi there 
could be up to 15 bytes wasted between 
segments. 

Suppose the first segment starts at address 
ITOO (hexadecimal) and tiseS aMy 6D (hexa- 
decimal) bytes. So the last byte used is at 
address 1006C. The closest the second seg- 
ment could start would be at address 10070, 
thereby wasting the bytes at 1Q06D, 1006E, 
and 1006F. ' ,,, * 

Now, instead- of starting the second segment 
at the lowest 16-byte boundary beyond the 
last byte used by the first segment, start the 
second segment at the highest 16-byte boun- 
dary that does not cause any bytes to be 
wasted: thus, we could start the second seg- 
rfient at address 10060. This results in the last 
few bytes — 13 to be exact — used by the 
first segment to be also in the second 

But the second segment would then simply 
not use its first few bytes, which is efficient. 
So, if the second segment starts at 10060, the 
bytes in the second segment below offset 
GOOD are simply not us^d by the second seg- 
ment. There£drE^.ffl®i^b^ifes weiwastddc i j: -Yio 



ory segments are located, so we let the 
translator make that choice. However, we 
m%ht want to^ve the- ttanslator some dotp 
straints such as "don't overlap this segment 
with any other segment," "make sure the first 
byte used by this segment is at an even 
address — so that word accesses can be done 
in a single memory reference," or "start this 
segment at the following address." We can 
write these constraints into the source 
program: 

1) Don't overlap. First usable byte in seg- 
ment is on a 16-byte boundary and has an 
offset ^f 0000. 

MYjSEG ■ SEGMENT ^is is the normal case 
My_SEG iBMDS . : i ■ 

2) Overlap if you must, but first usal^.bFtp 
must be on a word boundary. 

MY_SEG SEGMENT WORD ;word aligned 
MY_SEG ENDS 



3) Overlap if you must, and place first usable 
byte anywhere you like. 

MViSEG SEGMENT BYTE- ;byte4ignect : ; j. 
MY_SEG ENDS 

4) Start segment at specified 16-byte boun- 
dary. Piirst iisable byte is af specified Qd^set. 

MYj^m SEGMENT AT 1A2BH ^address 1A2B0 
ORG 0003H ;address 1A2B3 

MYJSEG ENDS 

The last dxample introduced -andther state- 
ment, ORG (for origin). It specifies the next 
offset to be used in the segment. » 



Procedures are sections of code that are 
called into execution from various places in 
tiief'fA'ogFaft.'fiaeh tise i> pro&sdumis calMi 
upon, the instructions that make up the 
procedure are executed, then control is 
turned ta the pia(» frexM which the pMteef- 
dure was originally called. 

The 8088 instructions to call and return from 
a pfocedtJt* -iihd'T^T. Th^fe 

instructions come in two flavors — intraseg- 
ment and intersegment. 

The intersegment instructions push (CALL^ 
and pop (RET) both the segment and the 
offset of the place where the procedure 
should return. 

intrasegment ones push and pop only the 
offiset. ' - 

Near and Far 

Procedures called with intrasegment CALLs 
must return with intrasegment RETurns. 
Such i^fbi«diires are knb'^h as ^*JEAR 
procedures. Similarly, procedures that are 
called with intersegment CALLs must return 
with intersegment RETums and are known 
as FAR procedures. 

The procedure-definition statements, PROC 
and ENDP (end procedure), delimit a proce- 
dure and indicate whether it is a NEAR or 
FAR procedure. This helps the assembler in 
two ways. First, when assembling CALLs to 
that procedure, the assembler will know 
which kind of CALL to assemble. Secondly, 
wMti assfe'mbUng RETs from that prtcedurt; 
the assembler will know which kind of RET 
to assemble: (see table on next page) 

Since UP_COUNT is declared to be NEAR 
procedure, all CALLs to it are assembled a^ 
intrasegment CALLs, and all RETurns with- 
in it are assembled as intrasegment returns. 

This example pmnts out sdme similarities 
between the RET instructions and the HLT 
instruction. There may be more than one 
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MYjCOpE SEGMENT 
OUCbUNT PROC 

ADD 

RET 



NEAR 



START: 



CALL UPCOUNT 



.END 



MY_CODE 



CALL 



HLT 

ENDS 

END 



UPCOUNT 



START 



RET in a prpcedur.e, just as there may be 
more than one. HLT in a program. 

The last instruction in a procedure (program) 
need not be a RET *HLT); but, if it isn't, that 
instruction should be a jump back to some- 
where withiri^^4l«'ocedurefpi:c^am). 

The END (ENDP) t^ll^'the assembler where 
the procedure (pro^jram) ends, but does not 
cause the assembler to generate a RET 
(HLT) insttllcribn. 



a- 



Termination Statements 

With one exception, each terminating state- 
ment is paired up with some beginning 
statement. For example, SEGMENT and 
ENDS, PROC and END?. These terminat- 
ing statements are described with >vtihete 
corresponding beginning statements. 

The one exception is END, which flags the 
end of the source program. It tells the 
assembler that there are no more instruc- 
tions to assemble. The form of the END 
statement k:--. . ^..j^r. -.. i-.--:-' ,1 
END expression 

where the expression must yield a memory- 
address value. That address is the address of 
the first instmetion. to ib^<«Exe^ed>'Vi^eft tKfe 
program is executed. 

The following example illjusj^jktes the use of 
the END statement ' ' 



Instruction Statements 

The instruction statements, for the most part, 
correspond to the instructions of the 8088 
processor. Each instruction statement causes 
the assembler to generate one 8088 instruc- 
tion. An 8088 instruction consists of an 
opcode field and fields specifying the operand- 
addressing mode (mod field, r/m field, reg. 
field). ' ■■ 

So the instructiatf^ stateihetits in ASM^ 
must contain an instruction mnemonic as 
well as sufficient addressing information to 
pemfdtij&r a^raoblett tb gBBe!¥ils:theinirtraST 
tion. 

INSTRUCTION MNEMONICS 

Most of the ipstruction mnemonics are the 
same as the symbolic opcode names for the 
8088 instructions. Some additional instruc- 
tion mnemonics, NIL and NOP, make the 
assembly language more versatile. 

No-Operation 

The instruction mnemonic NOP causes the 
assembler to generate the 1-byte instruction 
that exchanges the contents of the AX 
register with the contents of the AX register 
(hexadecimal opcode 90). Besides not doing 
anything, NOP doesn't waste any time not 
doing it, since it doesn't make any memory 
accesses. Does' it seem strange to waste 
precious memory locations on instructions 
that do nothing? There are good reasons for 
dcHng'm' ■ '-"T'v Tjj, ■ - .■ 

The NOPs might serve as placeholders for 
instructions to be filled in later, possibly 
when the program is executing — an old trick. 
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They might also be used to slow down a 
portion of the program where precise timing 
relationships are important. - , 

Placeholder 

NIL is the only instruction mnemonic that 
does not cause the assembler to generate any 
instructions! '^itf- contrast" 4o NOP, which 
causes the assembler to generate an instruc- 
tion that does nothing when executed, NIL 
doesn't even cause an instructibn to be 
generated. 

NIL serves as a convenient placeholder for 
labels in the assembly-language program: 



lOYOLE; 



MIL • 
INC 



AX 



Although this is equivalent to 

CypLg: INC AX . 

the ML makes it much easier to insert 
instructions ahead of the ING instruction in 
tesismr^jpopffii^ ii thiii^^iaiiil^jigteiii 

INSTRUCTION PREFIXES 

The 8088 instruction set permits instructions 
to start off with one or more prefix bytes. The 
three po'sSbie f^fiies are: 

1) segment-overricle ' ^ . J . 

2) repeat ' ' ' ' ' ^ ! ' 

3) lock ■'■'<-*-'=''T-'' '■'Vji-- v-'.^iVfia-.v ylcinTagiK 

ASM-86 permits the following prefixes to be 
included with the instruction mnemonic: 



LOCK 




REP 


(repeat) ^^^.^l 


REPE 


(repeat while equal) 


REPNE 


(repeat while not equal) 


REPZ 


(repeat while zero) 


REPNZ 


(repeat while non-zero) 


A sample instruction statenaent usinga^s^bi: 


is: 





GYCVE: lock DEC ' COUNT 



The segment-overriding prefix is generated 
automatically by the assembler whenever the 
assembler realizes that a memory access 
requires such a prefix. The asciBttblef ifl^S^ 
this decision in two steps. 

First, it selects a segment register that will 
make the instruction execute properly. The 
assembler selects the segment register based 
on information it received from previous 
ASSUME statements. However, we can 
force the assembler to select a particular 
segment register by including that register in 
the instructioii as in: ; • ^'C ^f-* 

MOV BX,ES:SUM 

Secondly, the assembler determines if a 
segment-ovifrtiMg 'preffif ■is'"tte6iemry %& 
force execution of the instruction to use tlie 
setected segment register. , . . , i 

OPERAND-ADDRESSING MODES 

The 8088 processor provides various operand- 
addressing modes. ASM-86 must therefore 
provide a means of expressing each mode 
when writing instruction statements: For 
example: 

1) Imme4iate: , 

MOV AX,15 

2) Register: 

MOM AX45 ■ . f jAX is a register operprnj 

3) Direct: 

SUM DB ? 



. ;.15 is an immediate operand 

•"'1 nij . - •;■ 



'A) 



MOV SUM, 15 ;SUM Is a direct memory 
operand 



4) Indirect through base registet: i 



MOV 
MOV 



AX,(BX) 
AX,(BP) 



^ > ]«l«eif:: tidraogMndex. le^ster : 



MOV 



AX,(SI) 
AX,(bl)- 



register: 



MOV 


AX,(BX) 


(SI) ■ 




MOV 


AX,(BX) 


(Dl) 




M.QV 


AX,(BP) 


(SI) 




MOV 


AX, (BP) 


(Dl>.-.v.;' 





7) Indirect through base.oV4ndex 
plus offset: 

MANY_BYTES DB 100 Dij*'(?) 



MOV AX,MAI*4YBYTES(BX/'' 
MOV AX,MANY_BYTES(i»5 i 
M,Qy . _AXMANY_BYTES(SI) 
MOV ■ 'AX,MANY_BYTES(DI) 



8) Indirect through basf register plus index 
register plus offset: '^^"* 



MANY_BYTES 08 100 



MOV AX,MANY_BYTES(BX) (SI) 

MOV AX,MANY_BYTES(BX) (Dl) 

MOV AX,MANY_BYTES(BP) (SI) 

MOV AX,MANY_BYTES(BP) (Dl) 

The assembler uses its knowledge about a 
memory location's type when generating 
instructions that reference that memory 
location. For example, the assembler gen- 
erates a byte-incre|uejpit|W^^%f]l[90pBitegng^,,^ 
the following: 







- "0. rM:C 




SUM DB ' 


? 


;typel8BYTE 












INC 


SUM 


1' ^byWMcFement 

' to-.. 





However, with indirect operand-addressing 
modes, it is not always possible for the 



assembler to know the type of the memory 

location, as illustrated by: 

MOV AL,(BX) 

Even though the assembler does not know 
the type of the source operand in the above 
instruction, it does know that the type of the 
destination operand, AL, is BYTE. So the 
assembler assumes that (BX) is also of 
t;^e BYTE and generates a byte-move 
instruction. , '^t^. 

But now consider the statement: 
INC (BX) 

There is no second memory location here to 
help the assembler determine the type of 
(BX). So the assembler cannot decide whether 
to generate a byte-increment instruc- 
tion or a word-increment instruction. The 
above statement must therefore be written as 
shown so the assembler can determine the 
type: 

INC BYTE PTR (BX) ;a byte-increment 
JHC WOBD PTR ( BX) ;a word-incren^ecit 

STRING INSTRUCTIONS 

The assembler can usually discern the type of 
an operand from its declaration, and hence 
know what kind of code to generate for 
accessing that operand. 

However, we have just seen that, when using 
an indirect-addressing mode, we might have 

to supply the assembler with additional 
information so it can determine the type. 

String Primitives " 

Stiing instructions also need such additional 
information. Consider the string instruction 
MOVS. 

This instruction moves the contents of the 

memory address whose offset is in SI into the 
memory address whose offset is in Dl. We 
should not need to' specify any operands, 

since the instruction has no choice as to 
which items to move and where. 
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However, the instruction could move either a 
byte or a word. The assembler must. know 
which is being moved, so it can generate the 
correct instruction. For this reason, the 
ASM-86 statement for the MOVS instruc- 
tion must specify the items that have beeti 
moved into SI and DI. " 

1p*6r example: 











ALPHA 


DB 


? 




BETA 


DB 


? 






■•:n'm) . . 




I . 












MOV 


SI, OFFSET ALPHA ^ ^ 


■^.^^'fV 




MOV 


DI, OFFSET BETA " ' 




}(,. • 


MOVS 


BETA,ALPHA 





The presence of BETA and ALPHA in the 
MOVS statement tells the assembler to gen- 
erate a MOVS instruction that moves bytes, 
because the TYPE components of both 
BETA and ALPHA are BYTE. Further, 
f|r0inr;^,.SEG. components of BETA and 
ALPHA, the assembler determines if the 



operands of the MOVS instruction are inac- 
cessible segments. The OFFSET comj^neittfi 
of ALPHA and BETA are ignored. 

Like MOVS, the other four string primititfeS 
contain opeifitlds, MOX^ a^ifl CMPS M*e 

two operands, while SCAS, LODS, and 
STOS have one. For example: ^ 

CMPS BETA,AL§»|^^,^, ,,,, 
SCAS ALPHA 
LODS ALPHA 
STOS BETA 

XLAT also reqtiires an operand; the item 

that was moved into BX to serve as the trans- 
lation table. The SEG component of this 
operand enables the assembler to determine 
if the translation table is in a currently access- 
ible^ segmeiit^^^the OFFSET component is 
IgnSrM. i^^i'eximpfe'of an XLAT statement 
is as follows: 

MOV BX,OFF§EXTABJ^ v^'T^a.' 
XLAT TABLE 



|l^il9Qf ASfM-86. 
SampleOhe: 

Transilate the values from input port 1 into a 
Gray code and send reiaK't^ftbi^tf^iiii^r^'' 



/w S3 a_''aa'.a:' 



' — . f 



MY_DATA , lid li- SEGMENT 



GRAY 
MY_DATA 

MY_CODE 
GO: 

CYCLE: 

'i:> y.:.. 
our : 1 .■' 
MY_CODE 



DB 
' ENDS 



SEGMENT . . 

ASSUME 

MOV 

ifl! MOV riOi ' .J't 

MOV 
IN 

1. .XLAT .1 : 

•, '■■1 •j.'PMT- z/y bbay^- 

JMP 

ENDS 
, END . 



18H,34H,05H,06H,09H,0AH,0CH,11H,12H,14H 



pS;MY_CODE, DS:MY_DATA 

AX,MY_DATA .^T' lestablish data segment 

DS,AX 

BX.OFFSET GRAY 



AL,1 
GRAY 
1,AL 
CYCLE 

GO 



Itranslation table into BX 
:read in next value 
!i , ;translate it . _ ., 
ioutput it 

— ;and repeat - - ■ 

.' •.•jihbs-bni;"?3qo iosn'-ai tij'vfi r.jn- >>H 



mm 



Sample Two: 

Add two unpacked BCD (ASI3l|t atrii^ gfnqqeiisvo owi n Js ! >;vc 
together. 



MY_DATA 


SEGMENT 


STRING_1 


DB 


STRING_2 


DB 


MY_DATA 


ENDS 


MY_eODE 


SEGMENT 




ASSUME 


GO: 


MOV 




MOV 




CLC 




OLD 




MOV 




MOV 


CYCLE: 


LODS 




ADC 




AAA 




STOS 




JCXZ 




HLT 


MY_CODE 


ENDS 




END 



■1',7','5','2' 
'3'.'ff,'r,'4' 



CS:MY_CODE, DS:MY_DATA 

AS.MY_DATA 

OS,AX 



SI, OFFSET STRING - 
Dl, OFFSET STRING. 
STRING_1 

AL,[DI] 



STRING_2 
CYCLE 



ivaitle 4s 2571 
:vali/i% 4183 



;establish data segment " ' 

;no carry initially 
;forward strings 
;establish string pointers 

;get STRING_1 element 

:add STRING_2 element 
;corr^ for ASCII 
;resuit'into STRING _2 
;repeat for extra string 
,cor(^t for ASCII 



MO 



Sample Three: 

Decmal multiplication algorithm. 



CMS 



MY_DATA 


SEGMENT 






A 


DB 


'3','r,'5','4'/9' 




B 


DB 


■6' 




C 


DB 


LENGTH (A) DUP (?) 




MY_DATA 


ENDS 






MY_CODE 


SEGMENT 
ASSUME 


CS:MY_CODE,DS:MY_DATA 




GO: 


MOV 


AX,MY_DATA 


;establlsh data segment 


MOV 


DS.AX 
CLD 




;forward strings 




MOV 


SI.OFFSET A 


lestablish pointers 




MOV 


DI.OFFSET C 






MOV 


CX.LENGTH A 


;establish count 




AND 


B.OFH 


;clear upper half of b 




MOV 


BYTE PTR [Sl],0 


;clear c[l] 


CYCLE: 


LODS 


A 


;getali| 




AND 


AL.OFH 


;clear Its high-order bits 




MUL 


AL,B 


imultiply by b 




AAM 




icorrect for ASCII 




ADD 


[Dl] 


ladd to c[lj 




AAA 




;adjust for ASCII 




STOS 


C 


;store in c[i] 




MOV 


[DI1,AH 


;...and c[l] 




JCXZ 


CYCLE 


;repeat for entire string 




HLT 






MY_CODE 


ENDS 
END 


GO 





1^ 



Sample Four 

Move 50 bytes between two oveckp^img 
strings. 



Jr. 



MY_DATA 


SEGMENT 






STRING 


DB 


1000 DUP (?) , ■ 




STRING _1 


EQU 


STRING+7 




STRING_2 


EQU 


STRING+25 




MY_DATA 


ENDS 






■ SEGMENT 








ASSUME 


CS:MY_GODE, DS:MY_ 


.DATA 


STRING_S;ZE 


EQU 


50 


;nunnber of bytes to move 


GO: 


MOV 


AX,MY_DATA 


lestablish data segment 




MOV 


DS.AX 




MOV 


CX,STRING_SIZE 






MOV 


SI, OFFSET STRING_1 


;source string 




MOV 


Dl, OFFSET STRING_2 


;destination string 




CLD 




lassume a forward nnove 




CMP 


SI.DI 


;if source string comes first 




' JLT 


OK 




1 


STD 




;...we need backwards move 


I- - r.. 


AOb ' 


SI.STRING_StZE— 1 


;set SI ?nd Dl to , ^, j-..-. 




ADD 


DI.STRING_SIZ^— 1 


;...efjd.©f strings 


OK: 


REPEAT MOVS 


STRING_2,STRINl3_1 


;move the string 




HLT 






MY_CODE 


ENDS 








END 


GO 





110 



-i.A/ir 



■..'OM 

■ '3 
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ARCHITECTURE AND INSTRUCTIONS 



DUAL FUNCTIQMiKEyWQRP/$YM30LS 







. _ . .- 


. _ -. — 





— — . 




AND 


. 

NOT 


OR 


SHL 


SHR 


XOR 


AAA 


ES 


FLD1 

1 L.LJ 1 


FSUBRP 

1 VJ vJ l_J 111 


JNGE 


PUSH 


AAD 


ESC 


FLDCW 

1 ^ LJ VJ V V 


FTST 


JNL 


PUSH 


AAM 


F2XM1 


FLDENV 

1 LJ L_ 1 ^ V 


FWAIT 

1 V V r\ 1 1 


JNLE 


F 


AAS 


FABS 


FLDL2E 

1 ^LJ l—L-l— 


EXAM 


JNO 

«J 1 N VJ 


RCL 


ADC 


FAC 


Fl Dl 9T 

1 L.LJ 1 


FXCH 

1 /\ Vj 1 1 


INP 

U 1 N n 


RCR 

1 1 VJ 1 1 


ADD 


FADD 

1 LJ LJ 


Fl Dl N9 


EXTRACT 


IN"^ 

J IN O 


REP 

1 1 ^ r 


AH 


FADDP 

1 LJ LJ t 


Fl Dl fi? 


FYl 9Y 


IN7 

J IN^ 


REPE 


Al 


FALC 


Fl DPI 


FYl PXPI 


ID 
J \j 


R E P N 

n t 1 1 N 


ARPL 

111 L— 


FBLD 

1 LJ ^ LJ 


Fl D7 

1 l_ LJ^ 


HI T 

n L. 1 


IP 

J r 


E 


AX 


FBSTP 

1 LJW 1 1 


FMIJL 

1 IVI \J 1— 


IDIV 

1 LJ 1 V 


IPF 

U 1 ^ 


REPNZ 

1 1 ^ 1 1 ^ 


BH 

LJ 1 1 


FCHS 

1 VJ 1 1 VJ 


FMULP 

1 IVI w ^ 1 


IMIJI 

1 IVI KJ Lm 


JPO 

ul r vJ 


REPZ 

1 1 L_ 1 ^ 


Rl 


FCLEX 

i VJ i— /\ 


FNCI FX 

I IN vjL-^/\ 


IN 

1 IN 


J o 


RET 
ri 1 


ROUND 


n vjv^ IVI 


r IN L/IOI 


IMP 


17 


RDI 


RP 

LJ 1 


FCOMP 

1 VJ VJ 1 VI r 


FNFKIi 

1 IN t IN 1 


INT 

1 IN 1 


1 AHE 


ROR 


LJ/\ 


FCOMPP 

1 vjvJ IVI I r 


1 In llN 1 1 


INTH 

IIN 1 


1 D^i 




r,Ai 1 


FDFCSTP 

1 LJ L. VjO 1 1 


FNOP 
r IN VJ r 


IRET 


1 FA 

L.CM 


Al 

OM 1— 


CRW 

Vi/ LJ V V 


FDISI 

1 LJ 1 vJ 1 


1 IN OAA V L 


1 A 


1 Fc; 


CiAR 
OMn 


CH 


FDIV 

1 LJ 1 V 


r In O 1 VJ Vv 


lAE 


1 OPK 

Lw WIN 


•^RR 

ODD 




FDIVP 
r LJ 1 y 1 


iInO 1 ClN V 


IR 




•^PAR 

OVyMO 


vJLvj 


FDIVR 

1 LJI V li 


niN o 1 o vv 


IRC7 




<^ C A <^ 

O V-* M O 


OLD 

vJ 1— LJ 


FDIVRP 

1 1 V 1 1 1 


FPATAN 


IRE 




g 


CLI 

VJ ^1 


FENI 

1 ^1^1 


n r 11 IVI 


IP 


1 nnp 


C A "^i 

O w /A O 


vj L_ 1 vj 


FFRFF 

1 1 ri L- L. 


FPTAN 

11 1 M 1 N 




1 HOPE 


V V 


VJlVlw 


FIADD 

I IrALJ LJ 


FRNDINT 
1 r\ IN 1-/ 1 IN 1 


IP 


1 nnPNE 

Hh^wr IN C 


<^l 


CMP 


FICOM 

1 ivjvjivi 


FRQTOR 
I no 1 \j r\ 


JO 




«?p 

O r 


\J IVI 1 o 


1 1 VJVJ IVI 1 


F<^ AVF 


JOC 


1 nnP7 


OO 


W IVI 1 O LJ 


FIDIV 

1 1 LJ 1 V 


F^irAI F 


II 

J 1- 


MOW 

IVI KJ V 


<5T 

o 1 


VJ IVI 1 O Vv 


FIDIVR 
n 1 LJ 1 V r\ 


FCinRT 
rovjn 1 




IVI V o 


QTP 




FN D 

r 1 L.LJ 


rO 1 


J IVI r 


IVHJ V O D 


QTn 

O 1 u 


VJ vv LJ 


FMl Jl 

1 IVI \J ^ 


ro 1 ovv 




IVI VJ V O vv 


QTI 
o 1 1 


cx 


FINCSTP 


FSTENV 


JNAE 


MUL 


STOS 


DAA 


FINIT 


FSTP 


JNB 


NEG 


STOSB 


DAS 


1^1 r>T 

FIST 


FSTSW 


JNBE 


NIL 


STOS 


DEC 


FISTP 


FSUB 


JNC 


OUT 


w 


DH 


FISUB 


FSUBP 


JNE 


POP 


SUB 


Dl 


FISUBR i 




JNG 


POPF 


TEST 


DIV 


FLD 








WAIT 


DL 










XCHG 


DS 










XL AT 


DX 










XLATB 
??SEG 



Figure 2-14. ASM-86 fteserved Wonis 



NON-CONFLICTING KEYWORDS 



UA 


NUrn 


UA 1 b 


NUrnIN 1 


UboUvji 


NUoD 


bJ 


NUoYIvIdULo 


bJbU 1 


NUaH 


br 


NUAnbr 


bnnUnrnIN 1 


D i cox 


ubIN 


UJ 


ubNUNLY 


KAtitLbNb 1 n 


oU 


PAGEWIDTH 




PAGING 


INCLUDE 


PI 


LI 


PL - 


LIST 


PR 


MACRO 


PRINT 


MEMORY 


PW: 


MR 


RESTORE 


NUUd 


RS 


M r\ C D 1 1 


SA 


Kl C D 

NUbr 


SAVE 


NOERRORPRINT 


SB 


NOGE 


STACK 


NOGEN 


SYMBOLS 


k 1 /*\ 1 1 

NOLI 


TITLE 


NOLIST 


TT 


NOMACRO 


WF 


NOMR 


WORKFILE 




o 


NOOJ 


ES 


NOPAGING 


XR 


NOP! 


XREF 



HANDS-OFF KEYWORDS 



A DC 
ABb 


M C 

Nb 


AooUIVIt 


M C A D 

NbAH 


AT 
A 1 


M/^ccr^ci V 
NUbbuirLA 


DT 1 b 


M/^XLJ 1 Kir^ 

NU 1 MINo 


UUIVI IVIUIN 


Urrbt 1 -. , 


UUUblVlAUnU 




UD 


n A o c 
rAbb 


UU 


PARA 


UU 


ODC CV 

PREFX 


nT 
U 1 


PROC 


nil o 
UUr 


PROCLEN 


n\A/ 
UW 


PTR 


UWUnU 


PUBLIC 


c M n 
bNU 


PURGE 


C M n 

bN UM 


UWUHU 


c M n D 
bNUr 


RECORD 


CM no 
bNUb 


RELB 


bU 


DCI \A/ 

RELW 


noi 1 
bUU 


D CI V 

RFIX 


C\/CM 

bVbN 


RFIXM 


C VTOKI 

bXTRN 


FNFIX 


CAD 

FAR 


FNFIXM 


^ c 
bb 


RWFIX 


O D/^ 1 1 D 


SEG 


-r 
b 1 


SEGFIX 


LJ lO LJ ' 


SEG- 


IM D A tf^ C 

INrAob 


ft il KIT 

MENT 


1 A OCI 


SHORT 


1 c 
Lb 


SIZE 


1 CM/^TUI 

LbNta 1 n 


STRUG 


LUW 


TBYTE 


LT 


THIS 


IVIrtorx 


TV DC 

1 Y rb 


MOD 


WIDTH 


MODRM , 


WORD 


NAME 


? 

■ — ■ 1 , 




- 
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REFERENCES 
F@ll.Jli6TRyGTK)N SET 



Key to following Instruction Set Reference Pages 



IDENTIFIER 


USED IN 


EXPLANATION '■' 


destination 


data transfer, 
bit manipulation 


A register or memory locatiOii ffiat may cofrtkin data 
operated on by the instruction, and which receives (is 
replaced by) the result of the operation. 


source 


data transfer 

arithmetic, 

bit manipulation 


A register, memory location or immediate value that is 
used in the operation, but is not altered by -the 
instruction. 

if,!*;' r; 


source^tiable 


-XbAT 


Name of memory translation table addressed by 
register BX. 


tarn At 


IMP r*Ai 1 

U IVI F, WMUU 


A label to which control is to be transferred directly, or 
a register or memory location whose content is the 
adrirp'=i'=^ of thp Inratlon to wfcilcti ccontral iJ5 to hp 
transferred indirectly. ' 


shoii-label 


cond. transfer, 

itpratinn rinntml 


A label to which control is to be conditionally 

trariQfprrpH' miiQt Iip within — 19R to ^1?7 hutAQ nf thp 

first byte of the next instruction. 


l^accumulator 


'llM)UT-^"- 


Register AX for word transfers, AL for bytes. 




IN OUT 


An I/O nort nurnhpr' ^nprifipd a<5 an immpriiatp valtip of 
0-255, or register DX (which contains port number in 
range 0-64k). 






1 source-string 

i__ 


String ops. 


Name of a string in memory that is addressed by 
register SI; used only to identify string as byte or word 

anri <5nprif\/ <5Pnmpnt nuprriflp if anv ThiQ <5trinn i<; 

ciiiu OLjcwiiy .ocuiiiciii uvciiiuc, II ^I'ly. iiiio OLiiii^ lo 

uskl in the btseifation, but is not altereid;. 






1 dest-string . 


string ops. 

- Ir- ■ " 


Name of string in memory that is addressed] by register 
Dl; used only to identify string as byte or, word. This 
string receives (is repJaced toy) the result of the 


i 1 




operationl ' 'ns f^oj; ■ 


count 


shifts, rotates 


Specifies number of bits to shift or rotate; written as 
immediate value 1 or register CL (which contains the 
count in ttfe range 0i2S5)... "= - , • 


interrupt-type 


INT 


Immediate vatlue^-of ©-"255 idehtf^lfig iriterrupt pointer 
number. . i, ■ . 


optional-pop-val ue 


RET 


■ -"i 

Number of bytes (0-64k, ordinarily an even (lumber) to 

discard from stack. 


external-opcode 


ESC 


Immediate value (0-63) that is encoded in the instruction 
for use by an external processor. 



REF 
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Key to Operand Types 



IDENTIFIER 



(no operands) 

register 

Iregie 

seg-reg 

accumulator 

Immediate 

ImmedB 

m6(ttio,ry , . I 

memS 

mem16 

Source-table 

source-string 

dest-string 

DX . iefi'v i.1'1 
short-label 

near-label 

far-label, 
near-proc 
far-proc 
memptrie 



memptr32 



nOil-OinJc: 

rebptria 



repeat 



EXRUVNATION 



No operands are written 

An 8- or 16-bit general register 

Ari i'6-Slf genera! register 

A segment register;' j 

Register AX or AL 

A constant in the range 
0-RFFEH 

A constant in the range 0-FFH 

-AiaioSs;) 01^ 16^bit! memory 
loeation'"'.* i -.. -•: ■ 

An 8-bit memory location'" 

A 16-bit memory location"' 

Name of 256-byte translate 
table 

Name of string addressed by 

register SI 

Name of string, addressed by 
registenDI , -■lii-- . > •< • 

A label within -128 to -1-127 
bytes of the end. of the 
instruction 

A label Ih^'Current code 
segment 

A label in another code 
segment 

A procedure in current code 
segment 

A procedure in another code 
segment 

A word containing the offset of 
the location in the current code 
segment to which control is to 

be transferred''' 

A doubleword containing the 
offset and the segment base 
address of the location in 
another code segment to 
which control is; to be trans- 
ferred"' 

A 16-bit general register 
containing the offset of the 
location in the current code 
segment to which control is to 
be transferred 

A string 
prefix 



instruction repeat 



Any addressing mode— direct, register 
indirect, based, indexed, or based indexed— 
may be used (see section 2.8). 



(/!! ci^;; 



15 14 13 ta 11 10 9 8 7 6 5 4 3 2 1 

|pf| 1cf| 



III I I hoh.Hth 



Era 



CARRY 

- PARITY 

- AUXILIARY CARRV 
-ZERO 

-SIGN 
-TRAP 

- DIRECTION 

- OVERFLOW 



Effective Address Calculation Time 



EA COMPONENTS 


CLOCKS* 


' \r!^tf\m .b'iOO j 

DisplacementOnif'* 


6 


Base Qr Index Oniy ' Bx , e;p,si.l ' 


5 


Displacement 

Base or Index (BX,BP,SI,DI) 


9 


Base BP + DI,BX + SI 

+ .SCO r 
Index BP + SI,BX + DI 


7 
8 


Displacement BP + DI + DISP 
+ j BX-t-SI + DISP 

Base ! ;. ■ 1 

rt- , BP-f-SI-l-DISP 

Index ' BX-i-DI + DISP 


11 
12 



'Add 2 blocks for segment override 



REF REFERENCES REF 

FOR INSTRUCTION SET 



"reg" Field Bit Assignments: 



16-Bit (w = 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


Oil BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





'mod" Field Bit Assignments: 

mod XXX r/m| 



mod 



Displacement 



00 
01 
10 

11 



DISP = 0*, disp-low and disp-high are absent 

DISP = disp-low sign-extended to 16-bits, disp-high is absent 

DISP = disp-high: disp-low 

r/m is treated as a "reg" field 



r/m" Field Bit Assignments: 



r/m 


Operand Address 


000 


(BX) + (SI) + DISP 


001 


(BX) + (Dl) + DISP 


010 


(BP) + (SI) + DISP 


oil 


(BP) + (Dl) + DISP 


100 


(SI) + DISP 


101 


(Dl) + DISP 


110 


(BP) + DISP 


111 


(BX) + DISP 



DISP follows 2nd byte of instruction (before data if required). 
*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 



830H3H3^3fl 

T33 WOlTOUflTaH! RO^ 



23 00 
■ ) 

30 ri 



(0 = w) ti8-8 i tr rff?.sr 



J A 000 

J too 
jr 



i'OO 



in r^' 



insedB e^js rigin-qaib bns wol-.jeib . - ■-13i0 ; 
KieadfS z\ rtgiri- .;gib .etid-dt oi bQbnstxe-ngia woi -qeii:) 9?!n ; 

wol-qsib :riD'fi-q8ii; '^S'C I j 
bi9ir 'QR-;" s E;^ heisst] ~i ' j ''i 









, . ■ 

■ ; 








!" . 




!. 







.wol-qeib :dQifi-qs'h = A3 neril Orr = fn\i bns 00 ■■■ tacrn ti tqeoxa' 



AAA ASCII ADJUST AAA 

FOR ADDITION 

Operation: ibefoellAegsR Flags Affected: aiOiisidiO 

if {(AL) & OFH) > 9 or {A¥) = 1. th^rH AF, CF.< ; -i H AO \ ^ ^ * - < J A » 
(AL) - (AL) + 6 J 3.0 .^0 3A OF, PF, XF, ZF undefined:- -■ (HA) 
(AH) -(AH) + 1 
(AF)-1 

(CF)-(AF) 

(AL)-(AL)&OFH 



Description: 



rnoltqiiaeaO 



AAA (ASCII Adjust for Addition) changes 
the contents of register AL to a valid unpacked 
4§^al numteer; .Ibe highrorder half-byte is 
zwoo4aAA^,updat«s»AF;ao*CF^ thecphtea* 
of QF, PF, SF and ZF is undefined foHSwin^ 
execution of AAA. ; , • .<:o; jjnil-bfiu 



bilsv <; 3d il'iH n';ifi,,b aril <d b3auUf)ir| :nD!: 
ov^"^ vl ».ijm HA .'•3(im;i.'i iBintDst baxji.qiiij 



Encoding: 



0011011 1 



ororooool rofororr 



AA^!Q.pe.rfFid:3 D 






iByt6ls 


AAACosdingiiiQfirfjbter 


(no operands) 


1 1 






1 


AAA 





""^ l?OR DJUISICXN 

Operation: ^^^-^HA er^fiR Flags Affected: noiis^fcqO 

(AL) *- (AH) * OAH + (AL) . PF, SF, Zf, , 

(AH) ^0 ^ ^ AF, CF, OFundeSirrelGl* • 



Description: 

AAD (ASCII Adjust for Division) modifies 
the numerator in AL before dividing two valid 
unpacked decimal operands so that the quo- 
tient produced by the division will be a valid 
unpacked decimal number. AH must be zero 



for the subsequent DIV to produce the correct 
result. The quotient is returned in AL, and the 
remainder is returned in AH; both high-order 
half-bytes are zeroed. AAD updates PF, SF 
and ZF; the content of AF, CF and OF is 
undefined following execution of AAD". • " 



Encoding: 

I 11 01 01 01 I 00001 01 



1 

AA-0^p@rand5~ 


Clocks 






AAD Coding Examjple 


^(no operands) 


60 

i - - 


■ 


2 


AAD 



AAM ASCII ADJUST 

" FORMiULTIPLy- 



Operation: * Flags Affected: 



(AH)-(AL)/OAH PF,SF,ZF. 

undetined ■ 

i - ll I/-.; 

■-'■IX: 



(AL) ^ (AL) % OAH AF.CF, OF undefined ' 



Description: 

AAM i^^lGM sAdjust for Multiply) corrects 
tjie resjilt of s previous multiplication of two 
valid unpacked decimal opersm^s; A valid 2- 
digit unpacked decimal numberviis detJved 
from the content of AH and Ai>:anii><''Js 



returned to AH and AL. The high-order half- 
bytes of the multiplied operands must have 
been OH for AAM to produce a correct result. 
AfAM updates PF, SF and ZF; the content of 
AF, CF and OF is undefined following execu- 
tion of AAM. 



Encoding: 



11010100 00001010 



AAM Operands 


Clocks > 




Byles 


AAM C%rdiA0^'Example 


(no operands) 


83 

i 




1 


AAM -y y ' 
1 




•ASCII ADJUST AAS 

FORSUBTRACTION ™^ 

Operation: h ^^^h ^^(^ Flags Affected: :no3tfi'BnC 

if ((AL)&OFH)>9or(AF) = 1 then AF, CF. ■ 
(AL) *- (AL) - 6 , p -\< '-{0 - A OF, PF, SF, Z\rmm\M - ' ^ A) 
{AH)-(AH)-1 
(AF)-1 

(CF) - (AF) 

(AL)*-(AL)&OFH 



Description: 

AAS (ASCII Adjust for Subtraction) corrects 
the result of a previous subtraction of two 
valid unpacked decimal operands (the destina- 
tion operand must have been specified as 



regisJer AL)^ AAS changes the content of AL 
to a valid unpacked deciraal iruinber;' the higfr- 
order half-byte is zeroed. AAS updates AF 
and CF; the content of OF, PF, SF and ZE is 
un^gfineMoll^in^ execution' Of iAAS I ' ' 



Encoding: 



00111111 



c r 1 c 



AAS Operands 


Clocks 


Traiisfers 


Bylies 


AAS Cocfirig Example 


(no operands) 


■'^ 4 

1 


_ 


1 


AAS ;i,:n-vx . . 



AD(3 ADD WITH CARRY ADC 



Operation: Flags Affected: 

if (CF) = 1 then (DEST) - (LSRC) AF, CF, OF, PF, SF, ZF 

+ (RSRC) + 1 
else (DEST) *- (LSRC) + (RSRC) 



Description: 



A 5 



ADC destination, source 



ADC (Add with Carry) sums the operands, 
which may be bytes or words, adds one if CF is 
set and replaces the destihatiwi operand with 
the result. Both operands may be signed or 
unsigned binary numbers (see AAA and 
DAA). ADC updates AF, CF, OF, PF, SF and 
ZF. Since ADC incorporates a carry from a 
previous operation, it can be used to write 
routines to add numbers longer than 16 bits. 



JA 



j - ■■■■■■ 



\ 



73:1. 



Encoding: 

Memory or Register Operand with Register Operand: 



1 d w mod reg r/m 



if d = 1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST = EA 



Immediate Operand to Memory or Register Operjand: 



1 00000 sw mod 01 Or/m 



data 



data if s:w=01 



1 ■ftni .i-iii f 



LSRC = EA, RSRC = data, DEST = EA . . / . 

Immediate Operand to Accumulatpi:, ^ X 



0001 01 Ow 



data 



data if w=1 



if w = then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 



ADC Operands 


Clocks* 


Transfers 


Bytes 


ADC Coding Examples 


register, register 


3 




2 


ADC AX, SI 


register, memory 


9(13) + EA 


1 


2-4 


ADC DX, BETA [SI] 


memory, register 


16(24) + EA 


2 


2-4 


ADC ALPHA [BX] [SI], Dl 


register, immediate 


4 




3-4 


ADC BX, 256 


memory, immediate 


17{25) + EA 


2 


3-6 


ADC GAMMA, 30H 


accumulator, immediate 


4 




2-3 


ADCAL,5 



'b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



AOPiTiON ADD 



Operation: Flags Affected: 

(DEST) (LSRC) + (RSRC) AF, CF, OF, PF, SF, ZF 



■ s:"3-iO -.^Jc litiw bn filer ^ ^otaii!'fiv1 t.v • .:•:«$;' ^r^t-. 



Description: 



ADD destination, source 

The sum oJ the two operands, which may be 
bytes or words, r6i3lapes the destination 
operand. Both operands may be signed or 
unsigned binary nlimbers (see AAA and 
DAA). ADD updates AF, CF, OF, PF, SF and 
ZF. 



MDDITION 



ADD 



Encoding: 

Memory or Register Operand with Register Operand; 



OOOOOOdw 



mod reg r/m 



if d = 1 then LSRC = REG, RSRC = EA, DEST = REG .«^Hr,i-»- 
else LSRC = EA, RSRC = REG, DEST = EA .nojiun^ > 3U 

Immediate Operand to Memory or Register Operand: 



1 00000 sw mod 000 r/m 



data 



data if s:w=01 



LSRC = EA, RSRC = data, DEST= EA Lr c v^ . io : ) - 

Immediate Operand to Accumulator: 



. ■ \ "I 
■■'-) 

1\ 



000001 Ow 



data 



data if w=1 



if w = tfien LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 



ADD Operands 


Clocks* 


Transfers 


Bytes 


ADD Coding Examples 


register, register 


3 




2 


ADDCX, DX 


register, memory 


9(13) + EA 


1 


2-4 


ADDDI, [BX]. ALPHA 


memory, register 


16(24) + EA 


2 


2-4 


ADDTEIVIP.CL 


register, immediate 


4 




3-4 


ADDCL,2 


memory, immediate 


17(25) + EA 


2 


3-6 


ADD ALPHA, 2 


accumulator, immediate 


4 




2-3 


ADD AX, 200 



'b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



2-52 



AND LOGICAL 



operation: Flags Affected: 

(DEST) (LSRC) & (RSRC) CF, OF, PF, SF, ZF. 

(CF)^O AF undefined 
(OF)-O 



Description: 

AUD destination, source 

AND performs the logical "and" of the two 

operands (byte or wprc})^^™ the resuU^.^ : , ^7s^7 Vj;^: r, )i7. n (J-frn 

to the destmation ot)erand. A-bit in ttie result — ^ — 1 

is set if both corresponding bits of the original r-^- n -■ • Qf - ~-T2> t 

operands are set; otherwise the bit is cleared. ~ fori w ,. I6D Jno)-: ,A :j - w HgJ 



Encoding: 

Memory or Register Operand with Register Operand: 



OOlOOOdw modregr/m 



if d = 1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST = EA 



Immediate Operand to IVIemory or Register Operand: 



1 000000 w mod100r/m 



data 



(teta if w=l; 



LSRC = EA, RSRC = data, DEST = EA ^ 

Immediate Operand to Accumulator: 



001 01 Ow 



data 



data if w=1 



if w = tlien LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 



AND Operands 


Clocks* 


Transfers 


Bytes 


AND Coding Examples 


register, register 


3 




2 


ANDAL, BL 


register, memory 


9(13) + EA 


1 


2-4 


ANDCX, FLAG„WORD 


memory, register 


16(24) + EA 


2 


2-4 


AND ASCII [Dl], AL 


register, immediate 


4 




3-4 


ANDCX,OFOH 


memory, immediate 


17(25) + EA 


2 


3-6 


AND BETA, 01 H 


accumulator, immediate 


4 




2-3 


ANDAX,01010000B 



*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of dock cycles for word operands. 



CALLPROCEDURe CALL 



Operation: 

if Inter-Segment then 

(SP)^(SP)-2 

((SP) + 1:(SP))-{CS) 

(CS)-SEG 
(SP)*-(SP)-2 
((SP) + 1:(SP))-(IP) 
(IP)*-DEST 



Flags Affected: 



None 



Description: 



'■ ' '■ \ 







CALL procedure-name 

CALL activates an out-of-line procedure, sav- 
ing information on the stacic to permit a RET 
(return) instruction in tlie procedure to^ '^ 
transfer control back to the instruction follow- 
ing the CALL. The assembler generates a dif- 
ferent type of CALL instruction depending on 
whether the programmer has defined the pro- 
cedure name as NEAR or FAR. For control to 
return properly, the type of CALL instruction 
must match the type of RET instruction that 
exits from the procedure. (The potential for a 
mismatch exists if the procedure and the 
CALL are contained in separately assembled 
programs.) Different forms of the CALL 
instruction allow the address of the target pro- 
cedure to be obtained from the instruction 
itself (direct CALL) or from a memory loca- 
tion or register referenced by the instruction 
(indirect CALL). In the foUfetving- descrip- ■ 
tions, bear in mind that the processor auto- 
matically adjusts IP to point to the next 
instruction to he executed, bpfofei, saving it op. 
the stack. 

For an intrasegment direct CALL, SP (the 
stack pointer) is decremented by two and IP is 
pushed onto the stack. The target procedure's 
relative displacement (up to ±32k) from 
the CALL instruction is then added to the 
instruction pointer. This CALL instruction 



form is "self-relative" and appropriate for 
position-indepepdeof (dynamically relocat- 
■MB)JrfllffiHls-i^''fchich the CAIX-and its 
target|aF@.moved together in the same segment. 

An intrasegment indirect CALL may be made 
through memory or a register. SP is decre- 
mented by two; IP is pushed onto the stack. 
The target procedure offset is obtained from 
the memory word or 16-bit general register 
refeMieed m the instruction and replaces IP. 

For an intersegment direct CALL, SP is decre- 
mented by two, and CS is pushed onto the 
stack. CS is replaced by the segment word con- 
tained in the instruction. SP again is 
decremented by two. IP is pushed onto the 
stack and replaced by ,the offset word yi tjje 
%sEtructiont »5l o ! O • b . i f i ; • v > . ■. . ■ 

For an intersegment indirect CALL (which 
only may be made through memory), SP is 
decremented by two, and CS is pushed onto 
the stack. CS is then replaced by the content of 
the second word of the doubleword memory 
pointer referenced by the instruction. SP again 
is decremented by two, and IP is pushed onto 
the stack and replaced by the content of thp 
first word of the doubleword poihter fifer- 
enced by the instruction. 



QMl CALL PROCEDURE OMJ, 



Encoding: 
Intra-segmeht direct: 



1 1 1 01 000 disp-low 



disp-high 



(SO) 



DEST = (EA) 

Intra-Segment Indirect: 



■ -1 w 



11111111 modOIOr/m 



DEST = (IP) + disp 

Inter-Segment Direct: 



^0 
.'>-.:> 



10 011010 offset-low offset-high 



seg-low 



seg-high 



i DEST ^ offset, SEG = sef 

lnter<3egiii@iit in(dire0ty 



11111111 



mod 1 1 r/m 



DEST = (EA), SEG = (EA + 2) 



CALL Operands 


Clocks* 


Tranfers 


Bytes 


CALL Coding Examples 


near-proc 


19(23) 


1 


3 


CALLNEAR_PROC 


far-proc 


28(36) 


2 


5 


CALL FAR_PROC 


memptrie 


21(29) + EA 


2 


2-4 


CALL PROC_TABLE [SI] 


regptrie 


16(24) 


1 


2 


CALL AX 


memptr 32 


37(57) + EA 


4 


2-4 


CALL[BX].TASK [SI] 



"Ij^jyv): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



CRW a®N¥ERT®CTE CBW 

TO WORD wi-pww 

Operation: ^ Flags Affected: 

if (AL) < 80H then (AH) - else (AH) <<#H None " ' ' 



Description: rnotiqr 

CBW (Convert Byte to Word) extends the sign '■ ' ' ' " ; ' 

of the byte in register AL throughout register 

AH. CBW does not affect any flags. CBW can ; 

be used to produce a double-length (word) -i. 

dividend from a byte prior to performing byte 

division. 



Encoding: 

1 001 1 000 





Clocks 


Transfef s 


Bytes 


CBW Coding Example 


,(no operands) 


2 




1 


CBW 



2-57 



Operation: Flags Affected: sioU^i^qO 

(CF)-O ..CP ,-;r ., 



Description: 

CLC (Clear Carry flag) zeroes the carry flag 
(CF) and affects no other flags. It (and CMC 
and STC) is useful in conjunction with the 
RCL and RCR instructions. 



Encoding: 

1111 1000 



CLC Operands 


Clocks 


Jrami&rs 


Bytes 


CLC Codiitg Example 


(no operands) 


2 

^ 




1 


CLC 



Operation: be5: ^iuA«Jt>Bi ^ Flags Affected: 

(DF)^O DF -{ i!) 



Description: 

CLD (Clear Direction flag) zeroes DF causing 
the string instructions to auto-increment the SI 
and/or DI index registers. CLD does not 
affect any other flags. 



inoifqhoseC 



•)-;£ iid .ifi.ui ibiO> '» •.;»l:t' 



2;;:; it ISlljL. 



Encoding: 



11111100 



jj) f r r r r_r_ 



CLD Operands 


Clocks 


Tranislers 


&V^tes 


CLD CiuKn9.f it^M^e , 


(no operands) 




2 




; 1 - 


CLD .r-:vy^n,: 



2/^ 



ENABLE WLAG 

Operation: ibetoeHAaBsR Flags Affected: inoiirn^qO 

(IF)^O 10 IF ("i^. 



Description: 

CLI (Clear Interrupt-enable flag) zeroes IF. 
When the interrupt-enable flag is cleared, the 
8086 and 8088 do not recognize an external 
interrupt request that appears on the INTR 
line; in other words maskable interrupts are 
disabled. A non-maskable interrupt appearing 
on the NMI line, however, is honored, as is a 
software interrupt. CLI does not affect any 
other flags. 



ton f.toij iJ ■".^Ji■•■•■^J,■^^ A-i-jni is :■■ as 



Encoding: 



11111010 



fo_o>_FrT r7] 



CLI 0|]>erahds 


Clocks 


Transfers Bytes 


CLI Codmg-EKample 


(no operands) 


2 




CLI 



2-60 



QMQ COWIPLEMENT GMC 

vfifi^^ CARRY FLAG ^'w*^ 

Operation: !b??tD9nA 3pr>R Flags Affected: inoifsisqC 

if (CF) = then (CF)-1 else (CF)r O CP (u ,o . 



Description: :no aeO 

CMC (Complement Carry flag) "toggles" CF ao-wjr.f: r.r/ if-riV*"'^-:) 

to its opposite state and affects no other flags. 



0;i'r[ :,f'i: vi , ■ ■ '' ,£10. ■jii-.Mi v'-'J^^v' •! i't^- J^''- JJ^'iiUQ- 5'!. ci^iiH ' rl! jIj- 



Encoding: 

I 1 11 1 01 01 



CMC Operands 


Clocks 


Transfers 


Bytes 


CMC Coding Example 


(no operands) 


2 




1 


CMC 



Operation: ^v>c t^A Flags Affected: 

(LSRC)-(RSRC) AF.CF.OF, PF,SF,ZF 



Description: 

CMP destination, source 

CMP (Compare) subtracts the source from the 
destination, which may be bytes or words, but 
does not return the result. The operands are 
unchanged, but the flags are updated and can 
be tested by a subsequent conditional jump 
instruction. CMP updates AF, CF, OF, PF, 



SF and ZF. The comparison reflected in the 
flags is that of the destination to the source. If 
a CMP instruction is followed by a JG (jump 
if greater) instruction, for example, the jump 
is taken if the destination operand is greater 
than the source operand. 



CIVIR 



CMP 



Encoding: 



Memory or Register Operand with Register Operand: 



001110dw modregr/m 



if d = 1 then LSRC = REG, RSRC = EA 

else LSRC = EA, RSRC = REG •noiJqfiOiii'U 

immediate Operand with Memory or Register Operand: 



1 00000 sw mod111r/m ; data dataW§;w=01 



J/ to 'iS'J"- '.:-> 



,LSRG = EA, RSRC = data 



immediate Operand with Accumulator;^, / 

insni|i; .efQtaif ^' «^ ^' ^'""l .f'^^i*- - - vnc^! 



001i1•t^.1I^03W:l 



if w = tfien LSRC = AL, RSRC = data 
else LSRC = AX, RSRC = data 



CMP Operands 


Clocks* 


Transfers 


Bytes 


CMP CbdJngiEli^ihples 


register, register 

register, memory 
memory, register 


3 

9(13) + EA 
9(13) + EA 




2 

2-4 
2-4 


cyptBX,.iCx..^'0=- 

CMP DH, ALPHA 
CIVIP[BP + 2], SI 


register, immediate 
Tnemory, immediate 


4 

10(l4)*+iA 




3-4 
3-6 


CMPBL,02H, , 

CMS-'' [B3<l.kADAR [Dl], 


acc u m u lator,^ i mm iate 


4. . 


; -1 ■ T^'- -'i 


.273;; 
i 


3420H )2 pr!■v-.: 
CMPAL,00010000B 



Qp^): where b denotes the number of clock cycles for byte operattds^atrid 
w denotes the number of clock cycles for word operands. 



2r63 



CMBS COMPARE STRING CMPS 
^m^^ (BYTE OR WORD) ^■''•■^ ^ 

Operation: Flags Affected: 

(LSRC)-(RSRC) AF,CF,OF, PF, SF.ZF 

if (DF) = Othen 

(SI) *- (SI) + DELTA 

(Dl) ^ (Dl) + DELTA 

(SI) -DELTA .-^.v-? fitlw foi<£^OnO ii^t^irjeVi v> ''V '-'-.oM 
(Dl) ^ (Dl) - DELTA 



Description: 



CMPS (Compare String) subtracts the destina- 
tion byte or word (addressed by Dl) from the 
source byte or word (addressed by SI). CMPS 
affects the flags but does not alter either 
operand, updates SI and Dl to point to the 
next string element and updates, AF, CF, OF, 
PF, SF and ZF to reflect the relationship of the 
destination element to the source element. For 
example, if a JG (Jump if Greater) instruction 
follows CMPS, the jump is taken if the des- 



tination element is greater than the source 
element. If CMPS is prefixed with REPE or 
REPZ, the operation is interrupted as "com- 
pare while not end-of-string (CX not zero) and 
strings are equal (ZF = 1)." If CMPS is 
preceded by REPNE or REPNZ, the operation 
is interrupted as "compare while not end-of- 
string (CX not zero) and strings are not equal 
(ZF = 0)." Thus, CMPS can be used to find 
matching or ^f^ing strin&^ljE*tots.i . j 




Encoding: 



1,01 001 iw - -mv!!-: 



if w = then LSRC= (SI), RSRC = (Dl), DELTA = 1 

else USmj^ (SI) + 1 :(SI), RSRC = (Dl) -i- 1 :(DI), DELTA = 2 



CMPS Operands 


Clocio* 


Transfers 


Bytes 


CIVIPS CodingExamples 


dest-string, source-string 
(repeat)id"esl-73lfl!ng,iSottme-^sJrint: 


22(30) 
9f 22(30)/rep 


2 


1 
1 


CMPS BUFFI, BUFF2 
'REPCOMPSID.KEY 



wliere b denotes tlie number of clocl< cycles for byte operands'-'anel 
w denpfes the number of clocl< cycles for word operands. 



2-64 




CONVERT WORir CWD 
TO DOUBLEWORD ^ •'^^ 

operation: .befosHA ees"^ Flags Affected: si^ iSiti^c 

if (AX)<8000H4lqeniDX)^0. Ngne ■ iAric : ^H^O 

else (DX) FFFFH V fi^jDn j H, ^ 'J 



Description: :no aeeO 

CWD (Convert Word to Doubleword) extends 
the sign of the word in register AX throughout 

register DX. CWD does not affect any flags. , . l 

CWD can be used to produce a double-length ; ..'nr; li . j 

(doubleword) dividend from a word prior to ; , , .j . j . 
performing word division. , , >■ ■ 



Encoding: 



10011001 



i- : r , . 







\ plfraiisfers 


Bytes 

"'i' " 




(no operands) 




5 . 




1 


CWD 



2-65 



Operation: :befoenA spr*!! 

if ((AL) & OFH) > 9 or (AF) = 1 then 

(AL)-(AL) + 6 

(AF)-1 
if (AL)>9FHor(CF) = 1 then 

(AL) *- (AL) + 60H 

(CF)-1 



Flags Affected: noitBisqO 

AF.CF, PF.SF. ZF . , 
OFundefined:^^ ^^-! -^':xa) sel9 



Description: 

DAA (Decimal Adjust for Addition) corrects 
the result of previously adding two valid 
packed decimal operands (the destination 
operand must have been register AL). DAA 
changes the content of AL to a pair of valid 
packed decimal digits. It updates AF, CF, PF, 
SF and ZF; the content of OF is undefined 
following execution of DAA. 



iii'^ri:.: r ill. XA vit?i;iS> i\ 

' ■i\-'<--'j\'''Li': b Svi;:'! ' " - "' -' " " - 
'■li lohq hio-« r. I -' ' 



Encoding: 

001001 1 1 







1 

i tirartsf ea^ 


Bytes 


0AA C^tnip^QitikPe 


(no operands) 


4 i 

1 






1 . 

1. , . 


DAA ,.\.-^.vKt-; Of>) 



DAS 

Operation: t)f*<n^* 



DECIMAL ADJUST 
FOR SUBTRACTION 



OAS 

Flags Affected: roi^ ^ 



if ((AL) & OFH) > 9 or (AF) = 1 then 

(AL) *- (AL) - 6 

(AF)-1 
if (AL)>9FHor(CF) = 1 then 

(AL)^(AL)-60H 

(CF)-1 



AF,CF, PF,SF, ZF.. 
OF undefined 



Description: 

DAS (Decimal Adjust for Subtraction) cor- .... j::... x 

rects the result of a previous subtraction of . I ■ 

two valid packed decimal operands (the desti- 
nation operand must have been specified as 
register AL). DAS changes the content of AL 
to a pair of valid packed decimal digits. DAS 
updates AF, CF, PF, SF and ZF; the content 

of^OF is undefined following execution ,,.,3^0 letgiysR lO ^fJOU^^^^.. 



r !, 



Encoding: 



00101111 



DAS operands 


Clocks 


Tranters 




Ms Codiiag Ex4mi)le: 2. 


(no operands) 


4 




1 


DAS^ ' "^ ' 



2-67 



DECREMENT 



DIG 



Operation: .bstosHA 2915}^ Flags Affected: :r50itBi9qO 



(DEST)-(DEST)-1 , i / J.^A 



AF,OF,PF,SFvZF 

c - ( 



Description: 



Hd'j-i. 



DEC (Decrement) subtracts one from the 
destination operand. The operand may be a 
byte or a word and is treated as an unsigned 
binary number (see AAA and DA A). DEC 
updates AF, OF, PF, SF and ZF; it does not 
affect CP. 



■in.-Lj j ,. I 



Encoding: 
Memory or Register Operand: 



11 11 1 1 1 w mod 001 r/m 



•/ G 



DEST = EA 



Register Operand: 

01 1 reg 
DEST = REG 



DEC Operands 


Clocks* 


Transfers 


Bytes 


DEC Coding Example 


regie 

reg8 

momPfiMxi onifc : 


2 




1 
2 


DECAX 

OECAL , 

sBfGAiji^|§l^%AG 




ieicj^f. .•'1 







*b(w): where b denotes the number of clock cycles for byte operands and 
i w-dfiLnx5te5Jlie-nuaiberjafx^l.oxik cycles4ar...w.oi^^ — 



DJV 



DIV 



Operation: 

(temp)-(NUMR) 

if (temp) / (DIVR) > MAX then the 

following, in sequence 

(QUO), (REM) undefined 

(SP)^(SP)-2 

((SP) + 1:(SP))- FLAGS 

(IF)-O 

(TF)-O 

(SP)-(SP)-2 

((SP) + 1:(SP))-(CS) 

(CS) ^ (2) i.e., the contents of 
nnennory locations 2 and 3 

(SP)^(SP)-2 

((SP) + 1:(SP))-(IP) 

(IP) (0) i.e., tfie contents of 
locations and 1 

else 

(QUO) *- (temp) / (DIVR), where 
/ is unsigned division 

(REM) (temp) % (DIVR) where 
% is unsigned modulo 



Flags Affected: 

AF, CF, OF, PF, SF, ZF undefined 



Description: 



DIV source 

DIV (divide) performs an unsigned division of 
the accumulator (and its extension) by the 
source operand. If the source operand is a 
byte, it is divided into the double-length divi- 
dend assumed to'be ift registers AL and" AH. 
The single-length quotient is returned in AL, 
and the single-length remainder is returned in 
AH. If the source operand is a word, it is 
divided into the double-length dividend in 
■egisters AX and DX. The single-length quo- 
vo V", ; I c ! 



tient is returned in AX, and the single-length 
remainder is returned in DX. If the quotient 
exceeds the capacity of its destination register 
(FFH for byte source, FFFFFH for word 
source), as when division by zei-o is attempted, 
a type interrupt is generated, and the quo- 
tient and remainder are undefined. Non- 
integral quotients are truncated to integers. 
The content of AF, CF, OF, PF, SF and ZF4$ 
undefined following execution of DIV. 



2-69 



Z3Z 



Of,. 



Encoding: 



11 1 1 011 w 



mod 1 1 r/m 



if w = then NUMR = AX, DIVR = EA, QUO = AL, REM = AH, MAX = FFH 
els^ ^1UMR = PX:AX, DIVR =.EA, QUO = AX, REM = DX, MAX = FFFFH 



DIV Operands 


Clocks* 


Transfers 


Bytes 


DIV Coding Example 


regS 


80-90 




2 


DIVCL 


regie 


144-162 




2 


DIV BX 


memS 


(86-96) + EA 


1 


2-4 


DIV ALPHA 


memie 


(154-1 72) + EA 


1 


2-4 


DIV TABLE [SI] 



'b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



2-70 



ESQ ESCAPE ESG 

Operation: -t-^*? >i«'' ^ '«H Flags Affected: inoitsTeqC 

if mod #11 then data bus -^iEA), None . 



Description: 

The ESC (Escape) instructiont; pltoi^ies a ' ' 

mechanism by which othfer^ processors 
(coprocessors) may receive their instructions 

from the 8086 or 8088 instruction stream and : .,■.>.-.. i . .. . 

make use of the 8086 or 8088 addressing i-oo.i -jit; iTcibi-i -li ti ,io JM/ 

modes. The CPU (8086 or 8088) does a no 
operation (NOP) for the ESC instruction other 
tlian to access a memory operand and place it 
on the bus. 



Encoding: 



11 011 X 



mod X r/m 



ESC Operands 


Clocks* 


Transfers 


Bytes 


ESC Godtng;Example 


immediate, memory 


8(12) + EA 


1 


. 2-4 


ESC6,ARRAY [SI] 



|*lB(w): where b denotes the number of clock cycles for byte operands and 
I w den otes the num ber of.clocl< cyclQS for word operands. J 



Operation: * Flags Affected: ^-^^^i^^ 

None er-:"^ N&Sfe- i^;^ sifib .^ed? booi n 



Description: 

HLT (Halt) causes the 8086, 8088 to enter the 
halt state. The processor leaves the halt state 
upon activation of the RESET line, upon 
receipt of a non-maskable interrupt request on 
NMI, or, if interrupts are enabled, upon 



'MollQhoaeQ 

receipt of a maskable interrupt request on 
INTR. HLT does not affect any flags. It may 
be used as an alternative to an endless software 
loop'ia situations where a program must wait 
for an liiterrtt^ ' ' 



Encoding: 



. 4 - . 



HLTOperiands 


Clocks 


Transfers 


Bytes 


HLT Coding Example 


(no operands) 


2 




1 


,HLt..v,;,;,:;-.b->; 



2-72 



INTEGER.DIV1DE 



Operation: 



(temp)^(NUMR) 

if (temp) / (DIVR) > and (temp) 

/ (DIVR) > MAX 
or (temp) / (DIVR) < and (temp) 

/ (DIVR)<0-MAX-1 then 

(QUO), (REM) undefined 

(SP)^(SP)-2 

((SP) + 1:(SP))<- FLAGS 

(IF)-O 

(TF)-O 

(SP)*-(SP)-2 

((SP) + 1:(SP))-(CS) 

(CS)-(2) 

(SP)^(SP)-2 

((SP) + 1:(SP))-(IP) 

(IP)*-(0) 
else 

(QUO) *- (temp) / (DIVR), where 

/ is signed division 
(REM) *- (temp) % (DIVR) where 

% is signed modulo 



Description: 



ID IV source 



IDIV (Integer Divide) performs a signed divi- 
sion of the accumulator (and its extension) by 
the source operand. If the source operand is a 
byte, it is divided into the double-length divi- 
dend assumed to be in registers AL and AH; 
the single-length quotient is returned in AL, 
and the single-length remainder is returned in 
AH: For byte integer division, the maximuiH 
positive quotient is +127 (7FH) and 'the 
minimum negative quotient is -127 (81H). If 
the source operand is a word, it is divided into 
the double-length dividend in registers AX and 
pX; the single-length quotient is returned in 



Flags Affected: 

AF, OF, OF, PF, SF, ZF undefined 



AX, and the single-length remainder is 
returned in DX. For word integer division, the 
maximum positive quotient is +32,767 
(7FFFH) and the minimum negative quotient 
is -32,767 (8001H). If the qusSla^nt js positive 
and exceeds the maximum, or is negative and 
is less than the minimum, the quotient and 
remainder are ^^lyj^fined, and a type inter- 
rupt is generated, in particular, this occurs if 
division by is attempted. Nonintegral quo- 
tients are truncated (toward 0) to integers, and 
the remainder has the same sign as the divi- 
dend. The content of AF, CF, OF, PF, SF and 
ZF is undefined follOv^ing IPIV. .1 

;u .'J lO , ■ : : 'J -■ ■ ' - ■ ■ 



mm 



(ufTiai) bns 



Encoding: 



11 11 01 1 w 



mod 1 1 1 r/m 



. il^-.t I .! <r| i i W 



if w = Othen NUMR = AX, DIVR = EA, QUO = AL, REM = AH, MAX = 7FH 
else NUMR= DX:AX, DIVR = EA, QUO = AX, REM = DX, MAX = 7FFFH 



tbIV ^p^fands 


Clocks* 


Transfers 


Bytes 


IDIV Coding Example 


regS 
regie 
memS , 
hnemlS y,^, 


101-112 
165-184 
(107-118) + EA 


' 1 
[ill 1 ill 


2 
2 

2-4 
2-4 


IDIV BL 
IDIVCX 

IDIV DIVISOR_BYTE [SI] 
IDIV [BX].DIVIS0R_W0RD 



*b{w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 

W4. 



IMUL JN^ce uuLJiaLY n ||\/|UL 



Operation: ; ^ 

(DEST) (LSRC) * (RSRC) \ili©pf 

* is signed multiply 
if (ext) = sign-extension of (LOW) 

then(CF)^0 
else (CF)^1; 
(OF)-(CF) 



Flags Affected: 

CF,OF TV.:- 
AF,PF,SF,ZF undefined 



'II ,t:.>jt 



IMUL source 

IMUL (Integer Multiply) performs a signed 
multiplication of the source operand and the 
accumulator. If the source is a byte, then it is 
multiplied by register AL, and the double- 
length result is returned in AH and AL. If the 
source is a word, then it is multiplied by 
register AX, and the double-length result is 
returned in registers DX and AX. If the upper 



half of the result (AH for byte source, DX for 
word source) is not the sign extension of the 
lower half of the result, CF and OF are set; 
otherwise they are cleared. When CF and OF 
are set, they indicate that AH or DX contains 
significant digits of the result. The content of 
AF, PF, SF and ZF is undefined following exe- 
cution of IMUL. 



Encoding: 



1 11 1 01 1 w 



mod 1 1 r/m 



XA = 1 230 .noq; r -i-Jicq - Che •■■■e\fi 



if w = then LSRC = AL, RSRC = EA, DEST = AH, EXT = AH, LOW = AL 
else LSRC = AX, RSRC = EA, DEST = DX:AX, EXT = DX, LOW = AX 



IMUL Operands 


Clocks* 


Transfers 


Bytes 


IMUL Coding Example 


reg8 


80-98 
128-154 
(86-104)-i-EA 
(138-1 64) + EA 




2 
2 

2-4 
2-4 


IMULCL 
IMULBX 

IMUL RATE BYTE 

IMUL RATE_WORD [BP] [Di] 


regie 
memS * * ' 
memie 


1 
1 



'b(w): wfiere b denotes the number of clock cycles lor byte operands and 



iM5 



114 mpim BMM Qmmm ^ ^ I N 



Operation: 

(DEST)-(SRC) ^0.^0 



Flags Affected: 

(WOJ) }o noiensixs-n 



Description: 



IN accumulator, port 

IN transfers a byte or a word from an input 
port to the AL register or the AX register, 
respectively. The port number may be speci- 
fied either with an immediate byte constant, 
allowing access to ports nombered through 



255, or with a number previously placed in the 
DX register, allowing variable access (by 
changing the value in DJ4) 'WfkV^ wMMk& 
from through 65,535. 



Encoding: 
Fixed Port: 



i" I .', iiio -■ afi 



' port 



if w = then SRC = port, DEST = AL 
else SRC = port + 1 :port, DEST = AX 



Variable Port: 



if w = then SRC = (DX), DEST = AL 

else SRC = (DX) + 1:(DX), DEST = AX , - 



1 11 1 1 w 



IN Operands 


Clocks* 


Transfers 


Bytes 


IN Coding Example ^ 


accumulator, immeciS 
acGUliiiUlatoigV P^AR ! 


10(14) 
8(12) 


1 
t 


A^? .- i 


INAL.OFFEAH y^. 

IN AX, DX ar^r-r i 



*b(w): where |3, denotes th^^jm of c^^^les^r byte operands and 



Operation: . , ii^J^i i Flags Affected: . i^qO 

(DEST) ^ (DEST) + 1 iT ,1\ AF, OF, PF, SF, ZF a) 



Description: 



INC destination 



(Si)--* ((°'8):i -^-ria); 



INC (Increment) adds one to the destination 
operand. The operand may be a byte or a word 

and is treated as an unsigned binary number 'rtrs'-ict '-- .. f 

(see AAA and DAA). INC updates AF, OF, .UQUm .:^»^i;>U 

PF, SF and ZF; it does not affect CF. 



Enooding: - 



' "Ittlembry orr-Register Operandi- .^b-'-. m-.b^ ^^.i a;,,^ .^^.h ,^„i?: 

■" \'i'f^ 11 1 1 w |modOOOr/r 



•.!j-j:.'qqi) iuj lo't .'SqcfLv biuo-j ar^x^^,^ aniju-i-'jo iJJdioi jqunwn! In aaaibljfi 5<i'i J-y,'.?. 



Register Operahd; 



01 000 reg 



DEST = REG 



INC Operands 


Clocks* 


Transfers 


Bytes 


INC Coding Example 


regie 


2 




1 


INCCX 


reg8 


3 




2 


INCBL 


memory 


15(23) + EA 


2 


2-4 


INC ALPHA [Dl] [BX] 



*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of cfOGk cycles for word operands. 



8M7 



INT 



INT 



Operation: ibis^z^im-^ 

(SP)-(SP)-2^. 

((SP) + 1:(SP))^ FLAGS 

(IF)-O 

(TF)-O 

(SP)-(SP)-2 

((SP) + 1:(SP))-(CS) 

(CS) *- (TYPE * 4 + 2) 

(SP)^(SP)-2 

((SP) + 1:{SP))-(IP) 

(IP) ^ (TYPE * 4) 



Description: 

INT interrupt-type 

INT (Interrupt) activates the interrupt pro- 
cedure specified by the interupt-type operand. 
INT decrements the stack pointer by two, 
pushes the flags onto the stack, and clears the 
trap (TF) and interrupt-enable (IF) flags to 
disable single-step and maskable interrupts. 
The flags are stored in the format used by the 
PUSHF instruction. SP is decremented again 
by two, and the CS register is pushed onto the 
stack. The address of the interrupt pointer is 
calculated by multiplying interrupt-type by 
four; the second word of the interrupt pointer 
replaces CS. SP again is decremented by two, 
and IP is pushed onto the stack and is replaced 



Flags Affected: u . ^.i-^U 
IF, TF r + o-sao}- ('>-n) 



. - ../ ,'iA --Si ifc; bill I'-.f:. ■■I 



by the first word of the inteipip^ j^QWl.tQ'ivJf 
interrupt-type = 3, the asserhmer gerierates~a 

short (1 byte) form of the instruction, known 
as the breakpoint interrupt. 

Software interrupts can be used as "supervisor 
calls,''. i.e., requests for service from an 
operating system. A different mterrupt-type 
can be used for each type of'^si^ce tk^t the 

operating system could supply for an applica- 
tion program. Software interrupts also may be 
used to check out interrupt service procectifres 
written for hardware-initiated interrupts. 



2-78 



INT . llWTEIiWFrVI! Jf^ 



Hi ': :i: ' rift ' H ; '-10 i 



(30) 

(Si) -(('13' 
(H ', , 



•"v-c-o wi..-iji9V'>'; iiibsoo'iq --isini aril risuo-ic't ?.i -ir^-^i j );) :>•.: :y-j 



I. S I ■ !': • I 



Encoding: 



110 0110V type if v= 1 



ifv = OthenTYPE = 
else TYPE = type 


= 3 








INT Operands 


Clocks* 


Transfers 


Bytes 


INT Coding Example 


immedS (type = 3) 
ImmeciS (type # 3) 


52(72) 
51,(71) 


5 
5 


1 
2 


INT3 

INT 67 - . . 



u*h{my. where b denotes the number of clock cycles for byte operart^f |ind 
w denotes the number of clock cycles for word operands. .., 



^-79 



OVERFLOW 

Operation: Flags Affected: 

if (OF) = 1 then None 
(SP)-(SP)-2 
((SP) + 1:(SP))^ FLAGS 
(IF)-O 
(TF)-O 
(SP)^(SP)-2 
((SP) + 1:(SP))-(CS) 
(CS)-(12H) 
(SP)^(SP)-2 
((SP) + 1:(SP))-(IP) 
(IP)*-(10H) 



Description: 

INTO (Interrupt on Overflow) generates a 
software interrupt if the overflow flag (OF) is 
set; otherwise control proceeds to the follow- 
ing instruction without activating an interrupt 
procedure. INTO addresses the target inter- 
rupt procedure (its type is 4) through the inter- 



rupt pointer at location lOH; it clears the TF 
and IF flags and otherwise operates like INT. 
INTO may be written following an arithmetic 
or logical operation to activate an interrupt 
procedure if overflow occurs. 



Encoding: 



11001110 



3Cy; 



1 INTO operands 


Clocks* 


Transfers 


Bytes 


INTO Coding Example 


(no operands) 


53(73) or 4 


5 


1 


INTO 



'#(WJr M/h^fe b dfewotes th.© number of clook cycles for byte opepands and 
w diivti$4s^t1i<emtiml3@i:^f >^lioekasiydtes^df!w w 



rftn^ I ' • "-'^'•■^ inc; 1^ 




Flags Aff#dt@tl: 4j 1 



(IP)*-((SP) + 1:(SP)) All 
(SP)^(SP) + 2 

(CS)-((SP) + 1:(SP)) ' - 
(SP)-(SP) + 2 

FLAGS ^ ((SP) + 1:(SP)) enol^ 

(SP)^(SP) + 2 . , 

(f;'ic' a!- OJ 



Description: 

IRET (Interrupt Return) transfers control 
back to the point of interruption by popping 
IP, CS and the flags from the stack. IRET thus 
affects all flags by restoring them to previously 
saved values. IRET is used to exit any inter- 
rupt procedure, whether activated by hard- 
ware or software. 



Encoding: 



110011 1 1 



IRET Operands 


Clocks* 


Transfers 


Bytes 


IRET Coding Example 


(no operands) 


. 32(44) 


3 


1 


IRET 



j *b(w): where b denotes the number of clock cycles for byte operands and' 
! w denotes the numbeLotclock cycles for word operands. - J 



JNBE ^V-^^'S^e^q^Jal^'-ow jwbB 

MA '{S. 

Operation: Flags Affected: 

if (CF) & (ZF) = then None (( ic;;; i + ^ - o 

(IP) ^ (IP) + disp (sign-extended 2 - [■■.<') - .-.a) 

to16-bits) 



Description: 

Jump on Above (JA)/Jump on Not Below or 
Equal (JNBE) transfers control to the target 
operand (IP + displacement). If the conditions 
(CF and ZF = 0) are above/ not below or equal 
to the tested value. 



'r.i-'V- -"^>:,-KT' ■.!'f;rv' ■t<-:''<'i'iI) : .!'A'. 



■nil! „ ' 



Encoding: 



01110111 



disp 



JA/JNBE Operands 


Clocks 


Transfers 


Bytes 


J A CocUag Example^ 


short-label 


16or4 




2 


JA ABOVE . . ' 


I 

_ 


t 






JN|pE Coding Example 










JNBEABOVE 




JUMPONABOVf JAE 
OR EQUAL 

JNB JUMP ON MOT BELOW - JNB 



Qperation: ' ^ Flags Affectiiei: 

if(CF) = Othen iMqb^:^ 
(IP) (IP) + disp (sign-extended 
to16-bits) 



Description: 

JAE (Jump on Above or Equal)/JNB (Jump 
on Not Below) transfers control to the target 
operand (IP + displacement) if the condition 
(CF = 0) is above or equal/not below the tested 
value. 



Encoding: 



oil 1001 1 



disp 



JAE/JNB Qpfr^ficis 


Clocks 


Transfers 


Pytes 


J^g^i»ding Exam,ple 


short-label 


16or4 




2 


JAE ABOVE_EQUAL 



2-83 



JRL *UMP ON BELOW :^ JB 

JMAF JUMP ON NOT . JNAE 

ti^l^"- ABOVE OR EQUAt ' ^'oVTlt 

operation: Flags Affected: 



if(CF) = 1then None 
(IP) ^ (IP) + disp (sign-e)^#€lfecl 
to16-bits) 



!STid-3r ot 



Description: 

JB (Jump on Below)/JNAE (Jump on Not 

Above or Equal) transfers control to the target ''^-''i ''■^'■"^J^ ■' - ij A • 

operand (IP + displacement) if the condition 
(CF = 1) is below/not above or equal to the 
tested value. 



Encoding: 



01110010 



disp 



qsib 



JB/JNAE Operands 


Clocks 


Transfers 


Bytes 


JB Coding Example 


sfhort-label - - \ 


16 Of 4 






JB BELOW--- -'^ 



I BE ^«MP ON BELOW J BE 

OR EQUAL 

^"^^ NOT ABOVE 

Operation: Flags Affected: - 

IF(CF)or(ZF) = 1 then None 
(IP)-*-!!?) + disp (sign-extended 
to16-bits) 



Description: 

JBE (Jump on Below or Equal)/JNA (Jump 
on Not Above) transfers control to the target 
operand (IP + displacement) if the conditions 
(CF or ZF = 1) are below or equal/ or not 
above the tested Gonditioas. 



Encoding: 



01110110 



JBE/JNA Operands 


CJoejcs 




Bytes 




short-4a:bel : ; ,q^3Qi^ 


] 16 or 4 


1 ~ 


2 . 







- JUMP ON CARRY 

Operation: Flags Affected: 

if(CF) = 1THEN iNtaWf i 

(IP) (IP) + disp (sign-extended 
to16-bits) 



9nol'1 



Description: 



JC (Jump on Carry) transfers control to the 
target operand (IP + displacement) on the con- 
dition CF = 1 . 



Encoding: 

011 1 001 





Clocks 


Transfers 


Bytes 


JO Coeltnf Exekn^te 


shdrtHattel 


1©or4 






J JC CARflY_SET 



>86 



iCXZ JUMPiFCXJi JCXZ 

^^^^ REGISTER ZERO ^"^^^^ 

SF^ration: ^ ' ' ' tlagl Effected: S L 

if(CX) = Othen None 
(IP) (IP) + di§f |(§i§ptP?«ten(lft| ;-nc?f Si??qO 

to16-bits) • 



Description: 



JCXZs/J0/t-/a6e/ 

JCXZ (Jump if CX Zero) transfers control to 
the target operand if CX is 0. This instruction 
is useful at the beginning of a loop to bypass 
the loop if CX has a zero value, i.e., to execute 
the loop zero times. 



-•i-ibno'- -jil' '''' 



Encoding: 



1 1 100011 



disp 



qzib 1 C r 





, Clocks 


Ti;%QSte.r^ 




J cxzi^i^ &c9injAp 


short-label jc)^; 


■-iSorfi 


J™ 


1 


4CXZ COUNTacODWE. 

t i 



JZ .beJos^^^^*^^ ZERO rriotle 



Operation: Flags Affected: 

if (ZF) = 1 then None 
(IP) (IP) + disp (sign-extended 
to16-bits) 



Description: : . , 

JE (Jump on Equal)/ JZ (Jump on Zero) \?i^%'<-yv:\zlXOi 
transfers control to the target operand (IP + 

displacement) if the condition (ZF = 1) is . . . . | 

equal/ zero on the tested value. ^ ' , ' _ .• , . , 

■ } oj ..3.- .it;!' ■ i; <<::f 4V;' !; .. '^ 



Encoding: 



01110100 



disp 



[ " qaib ""'yy r o o o'r fFJ 



JE/JZO|S^f^difds 



Clocks 



Transfei*^ 



Bytes 



JZ Codihg Bt^^pfe 



shdr^l^ef^'i'JOC 



16or4 

i 



Ji 



'jz2ER0 

.,-„ A» ^ ' — - 



2^08 



JG JUMP ON GREATER JG 

JNLE .i^^^PgN No^^ . JNLE 

«i LESS OR EQUAL " ^ y 

Operation: Flags Affected: 

if ((SF) = (OF))&((ZF) = 0)then None 
(IP) ^ (IP) + disp (sign-ex.tqFiflpd f.r*-!f 

to16-bits) cobnt-i>9--io,^.iqeib 



Description: 

JG (Jump on Greater Than)/JNLE (Jump on 
Not Less Than or Equal) transfers control to 

the target operand (IP + displacement) if the ^ ; ; • . , 

conditions ((SF XOR OF) or ZF = 0) are " <'> f.:. : ^ . • - -! > - 

greater than/not less than or equal to the ' u'l: ' - ■ ; ; i i 1j> . ' 

tested value. 



Encoding: 



01111111 



disp 



-^o 





Clocks 


Transfers 


Bytes 


JG Coding Example 


short-label 


16or4 




2 


JG GREATER 



2-89 



JGE 
JNL 



Operation: 



OR EQUAL 
JUMP ON NOT LESS 



if (SF) = (OF)0then 
(IP) ^ (IP) + disp (sign-extended 
to16-bits) 



Flags Affected: 



JGE 

"JNL 



Description: 



JGE (Jump on Greater Than or Equal)/JNL 
(Jump on Not Less Than) transfers control to 
the target operand (IP + displacement) if the 
condition (SF XOR OF = 0) is greater than or 
equal/not less than the tested value. 



:rli 



Encoding: 

1 01 11 11 oT 



disp 



JGE/JN1^0(ierands 


Clocks 


Transfers 

— • ^--4-- 


Byles 


^GE'Coding Example ; 


!short-lab^^ ' ' -'''■^ 


t 

1&or4 




2 


JGE GREATER^EQUAL 



2-90 



JUMP ON LESS ^JL 

JNGE JUWiPONNOT JNGE 

^■IM"- GREATER OR EQUAL 

Operation: Flags Affected: .,^^.,„„e 

if (SF)^ (OF) then None 
(IP) (IP) + disp (sign-extended ■ 
to16-bits) Dr\-;9}xe-ngis} qe-c - ■ ; • '1!) 



Description: ^ 

JL (Jump on Less Than)/JNGE (Jump on Not 
Greater Than or Equal), transfers control to 

the target operand if the condition (SF XOR . 
OF = 1) is less than/not greater than or equal , ■ - ,i b- ■rj, ,<■ ,:i io 

to the tested value. ^rf. , ;-_'i--T^';o,i ^.-i 'ititpo J, ^sij 



Encoding: 



01111100 



disp 



'I ; ^ r r r : 



J L/ JNGE Operands 


Clocks 




%tes 


J L Cp£(K|9 Eji^ple 


itiort-Mjei :;i/:r.;; 


16 or 4 






ijLLESS' V . 



OR EQUAL 



P.WF JNG 



Operation: 



if{(SF)#(OF))or((ZF) = 1)then 
(IP) *- (IP) + disp (sign-extended 
to16-bits) 



Flags Affected: 



■.It 



Description: 



JLE (Jump on Less Than or Equal to)/JNG 
(Jump on Not Greater Than) transfers control 
to the target operand (IP + displacement) if 
the conditions tested ((SF XOR OF) or ZF = 1) 
are less than or equal to/not greater than the 
tested value. 



.5jif; • b'M?'^: -lids < 



Encoding: 



I 0111 111 I disp 



v. : t ' f t ' ; 





' Cltk:ks 


TfiSnsf ers 


Bytlbs 




short-label '^83j j 


16or4 




2 


JNG NOT_GREATER 

,111. 11 ' 



1MB ^vmmimumjmmmm JJVLP 



Operation: 

if Inter-Segment then (CS) SEG 
(IP) *- DEST 



Flags Affected: 

None 



..nori^^ to; 



Description: 



J MP fargef 

JMP unconditionally transfers control to the 
target location. Unlike a CALL instruction, 
JMP does not save any information on the 
stack; no return to the instruction following 
the JMP is expected. Like CALL, the address 
of the target operand may be obtained from 
the instruction itself (direct JMP), or from 
memory or a register referenced by the insittuci- 
tion (indirect JMP). 

An intrasegment direct JMP changes the 
instruction pointer by adding the relative 
displacement of the target from the JMP 
instruction. If the assembler can determine 
that the target is within 127 bytes of the JMP, 
it automatically generates a two-byte instruc- 
tion form called a SHORT JMP; otherwise, it 
generates a NEAR JMP that can address a 
target within ±32k. Intrasegment direct IMPS 
are self-relative and appropriate in position- 



indeple^deni fcd^Rainjic^Uyj j-rflQcatable) 
routines^ in--wbien the JMl» aad-its taifget are 
moved together in the same dSC 

An intrasegment indirect JMP may be made 
either through memory or a 16-bit general 
register. In the first case, the word content 
referenced by, thei Jnstruction i rteplaces the 
instruction pointer. In the secbn3 case, the 
new IP value is taken from the register named 
in the instruction. 

An intersegment direct JMP replaces IP and 
CS with values contained in the instruction. 

An intersegment indirect JMP may be made 

only through memory. The first word of the 
doubleword pointer referenced by the instruc- 
tion repflac!es'lP'4tfd'#te^««J(ftii' Avord "re(>laces 
CS. 



,.1 (.' • 



'SI 

. 1 £ 



2-93 



JMP 



JMP 



Encoding: 
Intra-Segment Direct: 

11101001 I disp-low I disp-high 



DEST = (IP) + disp 

Intra-Segment Direct Short: 



11101011 



disp 



DEST = (IP) + disp sign extended to 16-bits 
Intra-Segment Indirect: 
1111111 1 ImodlO&r/nfj 

Inter-Segment Direct: 



11101010 offset-low offset-high 



seg-toV/ 



seg-high 



DEST = offset, SEG = seg 

Inter-Segment Indirect: 



11111111 



mod 1 1 r/m 



JMP Operands 


Clocks 


Transfers 


Bytes 


JMP Coding Example 


short-label 

near-label 

far-label 

memptrie 

regptrie 

memptr32 


15 
15 

15 
18-1- EA 

11 
24-l-EA 


1 1 1 II 1 


2 
3 
5 

2-4 
2 

2-4 


JMP SHORT 

JMPWITHIN SEGMENT 
JMPFAR_LABEL 
JMP IBX]. TARGET 
JMPCX 

JMPOTHER.SEG [SI] 



-2-94 



MC JUMPONNOTCAEIRY JUjQ 



if(CF) = OTHEN None 
(IP) ^ (IP) + disp (sign-extended 
to16-bits) - ' ' 



...... :. + - .Si; 

(a*id-di 



Description: rnoitahn^sG 

JNC (Jump on Not Carry) transfers control to ' . 

the target operand (IP + displacement) on the • ij ■ .ir . . ^ 

condition CF = 0. /lOiJibnoj 'nil i. U"^''!--^"!^' "• t.nii.i'jqr 



Encoding: 



011 1001 1 



disp 





Clocks 




Tt«hiffer& ; 




j JliOiOdG|bigt>Examplej 


shit^rt^fiBel TOi 


.16 or 4 




; 2 ■ 


^ JNC NO_D/!{E*RY 



2-95 



JNZ :. JJ4MfiPN NOT ZERO 

Operation: ¥^0Mmm: 



if {ZF) = Othen 
(IP) *- (IP) + disp (sign-extended 
to16-bits) 



Description: 

JNE (Jump on Not Equal to)/ JNZ (Jump on 
Not Zero) transfers control to the target 
operand (IP + displacement) if the condition 
tested (ZF = 0) is true. 



None 



Encoding: 



01110101 



disp 



dlAE/JNZ Operands 


Clo^Jss^ 


Transfi^s 


pyias 


JNE CQi^iipg Example 


short-label 


16or4 




2 


JNENOTi-EQUAL 



: 2-96 




OVERFLOW 

Operation: :bet09TfA spbI-i Flags Affected: noitfiiiMiu 



if (OF) = then 
(IP) (IP) + disp (sign-extended 
to16-bits) 



None 

ubona;.o-nQi8> qs; 



. V! 



Description: : itol l an G 

JNO (Jump on Not Overflow) transfers con- ■ ... 

trol to the target operand (IP + displacement) ■.^ iv- lin ,-; ; ■ 

if the condition tested (OF = 0) is true. ..j [i , . ,^ • ,: 



Encoding: 

1 011 1 oooT 



disp 



qeiL I ■ i) r r !■ f 



1 ;,^0 Operancts ? ^ 


C4ocks 


£ Transfers 


Bytes 


J N OrOocFln^g EiEatnple 


sliort-labii'iTiac c;/ 


. t;6 or 4 




2 


JNO NO_0¥;ERFLOW 



2-97 



J.Na JUMP ON NOT SIGN Jl!|S 



Operation: b^ioenA c^gsi ^ Flags Affected: • - ^ ^ ^0 

if(SF) = Othen None . , . ' 

(IP) (IP) + disp (sign-extended L.eoiu.jxt,-nai5; v 
to16-bits) " 



Description: ffoftqnDcaO 

JNS (Jump on Not Sign) transfers control to 

the target operand (IP + displacement) when ' -n-jm 

the tested condition (SF = 0) is true. - : . . : ; a 



Encoding: 



01111 001 



disp 



aair; 



r } r ; i- o 



JNSO 


r locks 


Tvansf^rs- 


Bytes 


JNS €dding Ix^mple 




1 S6of4 




2 


JMSPOSITlVEt - -3 ' 



2-98 



JUMPONROTl>ARIf¥ Jfyjp 
J.UMP.CU!i PARITY ODD 4PQ 



IMP 
JPO 

Operation: 

if (PF) = Othen 
(IP) (IP) + disp (sign-extended 
to16-bits) 



Description: 

JNP (Jump on Not Parity)/JPO (Jump on 
Parity Odd) transfers control to the target 
operand if the condition tested (t>F - 0) m true. 



Flags Affected: 

None 



Encoding: 



01111011 



disp 



i , JOG i 



J N P/ Jl>0 Operancls 


Clocks 


Transfers 


Bytes 


UPO Coding Example 


shorWabffr ' O^ir ■ 


16or4 




2 


JP0 0DD_P)8iRITY 



2-99 



if (0F) = 1 then 
(IP) ^ (IP) + disp (sign-extended 



None 



to16-bits) 



en ok! 



{;?t;d-8rot 



Description: 

JO (Jump on Overflow) transfers control to 
the target operand (IP + displacement) if the 
tested condition (OF = 1) is true. 



Encoding: 



01 1 1 0000 



disp 



JO PpfiraNs.; 


(•GjOiqk^ 


T|;ilE^|i©TS 


Bytes 


JO 




ishofttli^b©); :;g 


16 or 4 




^ t- - 


JO :SIG N ED_OY*;mQm 



JtUVMRON PARITY 
J P E J«J?NJE?/^R'TY EQUAL JJJg 



Operation: 

if (PF) = 1 then 
(IP) (IP) + dlsp (sign-extended 
to16-bits) 



None 



4 eji '.»-.■ i oi 



Description: 



JP (Jump on Parity)/JPE (Jump on Parity 
Equal) transfers control to the target operand 
(IP + displacement) if the coodijttQO tested (PF 
= 1) is true. 



■ i' n f:'iD(iir..,jelc, ■ 

'3i>M (.! ', I 



Encoding: 



01111010 



dlsp 







Transfers 


Bytes 


JPE Coding Example 


short-lat®l '7,^0 jy) c 


. i 16 or 4 




2 


JPE EVEN_f»^li:y 



2-101 



J3 JUMP ON SIGN . JS 



Operation: Flags Affected: 

if(SF) = 1then None 
(IP) *- (IP) + diBplsiifelrfkteiii^ci 
to16-blts) 



'r:.\ :;-ar- 



Description: 

JS (Jump on Sign) transfers control to the / . . 
target operand (IP + displacement) if the : • > 

tested condition (SF = 1) is true. !i ;4 >it: '. . o-^ .'- i 



Encoding: 



01111 000 



disp 



JSOpePanicI^ 


Clocks 


transfers 


Bytes 


JS eiiaM§<^ath|^le 


short-label 


16or4 




2 


JS NEGATIVE 



2-102 



UMnr FROM FLAGS '-'»'J «^ 

Operation: . . > : A c ^m-t Flags Affected: ;no^i6tdqu 

(AH) - (SF):(ZF):X:(AF):X:(PF):X:(£SR) None S)-i c) 1 , / 

iS -i- A3; ^(30) 



Description: 



inoftciiiaeeO 



LAHF (load register AH from flags) copies 
SF, ZF, AF, PF and CF (the 8080/8085 flags) 
into bits 7, 6, 4, 2 and 0, respectively, of 
register AH. The content of bits. 3 and' 1 is 
undefined; the flags themselves are not 
affected. LAHF is provided primarily for con- 
verting 8080/8085 assembly language pro- 
jgrams to run on an 8086 or ,8()88. . 



if ; I ■■' 'I 



. i\' nihil: 



:p!'iib03it3 



Encoding: 



10011111 



noitsieqo oeni^sbnu nedi rf = born 



LAHF Operands 


ClQck&. 


Transfers 


Bytes 


LAHFiQQding JX9.raple : 


(no operands) 


; 

4 




1 


LAHF ^ ; 



3-103 



Operation: bsiosHA e^^sf^ Flags Affected: ^ o tBiyoO 



(REG)-(EA) 
(DS)^(EA + 2) 



None 



Description: 

LDS destination, source 

LDS (load pointer using DS) transfers a 32-bit 
pointer variable from the source operand, 
which must be a memory operand, to the des- 
tination operand and register DS. The offset 
word of the pointer is transferred to the des- 
tination operand, which may be any 16-bit 
general register. The segment word of the 



pointer is transferred to register DS. Specify- 
ing SI as the destination operand is a conve- 
nient way to prepare to process a source string 
that is not in the current data segment (strin| 
iiistt"uctitfiis assume that the source string is 
located in the current data segment an'd that^ 
contains the offset of the string). 



Encoding: 



1 1 0001 01 mod reg r/m 



if mod = 11 then undefined operation 



LDSOp" " ds 


Clocks 


Transfers 


Bytes 


LDS Coding Example 


regie, mem32 


^' . 24+ EA 


- 2 


S-4 


LDSSI,DAfAiSEa[Dl} 



■2-104 



LEA LOAD EFFECTIVE L£A 
■^CSM ADDRESS 

Operation: betoeltA ansH Flags Affected: noitsieqC 

(REG)-EA None (^.a3, -ad) 



Description: 

LEA destination, source 

liEA (toad effective addrm) transfers the off- 
set of the source operand (rather than its 
iifalue) to the destination operand. The source 
operand must be a memory operand, and the 

destination operand must be a 16-bit general 

■-/ : ,. 1 . i 11.] ? ! '-Jfn: lU 1MU» .MKHf'Sa^ 



register. LEA does not affect any flags. The 
XLAT and string instructions assume th^t cpr- 
tain registers point to operands; LEA can be 
used to load these registers (e.g., loading BX 
with the address of the translate table used by 
the XLAT instruction). 



Encoding: 



1 0001 1 01 modregr/m 



3 



fii * ' bom 



1 i; 1 V/ 



Ll 



if mod = 11 then undefined operation "^^^oo !-^ai?«=.b.'M. n^ot r ^ - oo r ^ 











LEA C^ltitpij^mpfe 


regie, mem16 


2 + EA 




2-4 


LEA BX,[BP] [Dl] 



L Fis LOAD POINTER USING ES 

Operation: .beSosttA aesR Flags Affected: :no5hv?9oO 

(REG)-(EA) ,, None 

(ES)-(EA + 2) " 



Description: 

LES destination.source 

LES (load pointer using ES) transfers a 32-bit 
pointer variable from the source operand, 
.^hich must be, a memory operand, to the des- 
tination operand and register ES. The offset 
word of the pointer is transferred to the des- 
tination operand, whi<^J^^,i^iay, ,b)?, ai^y i ),6-b[it 
general register. The segment word of tlie 



So ivj ^rt t\.;.*..;inrt£3b AiJ 

pointer is transferred to register ES. Specifying 
Dl as the destination operand is a convenient 
way to prepare to process a destination string 
that is. not in the current extra segiJ^ent.;. (Ttbe 
^es^^ation string, mvi^rbej^c^cated 
segment, and DI must contain the offset of the 
string.) 



Encoding: 



1 1000100 



mod reg r/m 



if mod = 11 then undefined operati©iot}£ ieac uonilsbnu nsni ! r =- Dom V 



4f SdOfpefand.^ 








»yies 


LES Cadtng»E«anlpJe 


reg16,:mem32 . . : a 


24 + 






A2-4 £ 


LE^ D\,[Byi]KmLJ^Bl}¥F 



LOCK LOCK THE BUS LOCK 



Operation: DSiJo-nA e^H> Flags Affected: 

None ^f^--^' None 



Description: 



LOCK is a one-byte prefix that causes the 8088 
(configured in maximum mode) to assert its 
bus LOCK signal while the following instruc- 
tion executes. LOCK does not affect any flags. 



Check: MOV AL1 ;set AL to 1 (implies locked) 

LOCK XCHG Sema.AL ;test and set lock 

TEST AL.AL ;set flags based on AL 

JNZ Check ;retry if lock already set 



The instruction most useful in this context is 
an exchange register with memory. A simple 
software lock may be implemented with the 
following code sequence: 



MOV 



Sema.O 



;clear the lock when done 



The LOCK prefix may be combined with the 
segment override and/or REP prefu^. 



Encoding: 

I 1 111t^f8^ -<' 



LOCK Operands 


Clocks 


Transfers 


Bytes 


LOCK Coding le 


(no ofi^>tittid|5^) 


2 




1 


LOCK XCHG FLAG, AL 



2-107 



Operation: 



(DEST) *- (SRC) c, ^ 

if (DF) - then (SI) - (SI) + DELTA 
else (SI) *- (SI) - DELTA 



(BYTE OR WORD) 

oettAsrsR Flags Affected: inoitsisaO 

f 1 None 



Description: 

LODS source-string , , 

LODS (Load Strin|) transfers the byte or word 
string element addressed by SI to register AL 
or AX, and updates SI to point to the next ele- 
ment in the string. This instruction is not ordi- 
narily repeated since the accumulator would be 



overwritten by each repetition, and only the 
last element would be retained. However, 
LODS is very useful in software loops as part 
of a more complex string function built up 
from string primitiyes and other instructions. 



Encoding: 

1 01 011 Ow 



If w = then SRC = (SI), DEST = AL, DELTA = 1 
else SRC = (SI) + 1 :(SI), DEST = AX, DELTA = 2 



LODS Operands 


Clocks* 


Transfers 


Bytes 


LODS Co|ri0g)%(9pple 


source-string 


12(16) 


„.l 


. .1 . 


LODS CU aTOMER^N AM E - 


(fepeat) sourcg-^si|:ii^g, 


Li: ^ 



*b(w): where b denotes the number of clock cycles for byte ojjj^rancls; 
_i_ _._wjjenotes the number of cldck cvclesiOLWordLjapfijaDJl&^-l:--- ...S'JJ 



mm 




3JlM0OI?)0J 



Operation: 3 JIHW ^'eJ^^l"^"=*^q i 

(CX)-(CX)-1 <^)Hdl!Sone 
if (CX)^Othen 
(IP) *- (IP) + disp (sign-extended 
to16-bits) 



bebneixQ-cioie) qrr"; s - (Si;- 

(tJi.J-df oi 

Description: 

LOOP short-label 

LOOP decrements CX by 1 and transfers con- 
trol to the target operand if CX is not 0; .. . 
otherwise the instruction feteiMrag is '^"^P ■ ^-^ ' " ; ; 
executed. ' ''' ' - ' ' ""'^ ' ' 



Encoding: 



-[1 1 0001 I disp 



qaib 



r r t 



- tODP @ipecand$ A 




Tran^f %jrs 


Bytes 




short-label 




17/5 






LOOPAGAIMci,r<-no 



2-^09 



LOORE LOOPWHILE 
L.v#wri- EQUAL 

LOO PZ LOOP WHILE 
i-\j\jrt- 2ER0 



,90' 



Operation: 

(CX)-(CX)-1 
if (ZF) = 1 and (CX) ?t then 
(IP) (IP) + disp (sign-extended 
to16-bits) 



Description: 

LOOPE/LOOPZ short-label 

LOOPE and LOOPZ (Loop While Equal and 
Loop While Zero) are different mnemonics for 

the same instruction (similar to the REPE and 
REPZ repeat prefixes). CX is decremented by 
1, and control is transferred to the target 
operand if CX is not and if ZF is set; 
otherwise the instruction following LOOPE/ 
LOOPZ is executed. 



LOOSE 
LOOPZ 

Flags Affected: ^' 

None 



Encoding: 



1 1 1 00001 



disp 



r ( r 



LOOPE/LOOPZ Operands 


Clocks 


Transfers 


Bytes 


LOOPl Codiifg Exatrtple 


short-labeV ' '^ ' 


18or6 




2 


LOOPE AG AtN . : 



2-110 



i^aopNz LoopwH'LE LoopKi: 

LOOPNE loo'equal LOOPNE 



Operation: 

(CX) (CX) - 1 
if (ZF) = and (CX)#0 then 
(IP) (IP) + disp (sign-©xtended 
to16-bits) 



Flags Affected: 

None 



Description: 



LOOPNE/LOOPNZ short-label 

LOOPNE and LOOPNZ (Loop While Not 
Equal and Loop While Not Zero) are also 
synonyms for the same instruction. CX is 
decremented by 1 , and control is transferred to 
the target operand if CX is not and if ZF is 
clear; otherwise the next sequential instruction 
is executed. 



.bfisiaqt) ri.: ije.-iijj-ifc ^r'i 'li L, a: 



:bnf>ieqO wtzig^^ri moit\ol bfis<oqO -leiaigsN 10 Y'omt 



Encoding: 



IT' «'i i'' --rp '-I ; : 



1£ 



1 1 1 00000 



disp 



LOOPNE/LOOPNZ Operands 



ClQCJllS 



Transfer^ JBytes JLOQPNE Coding Example 



sliort-label 



19 or 5 



LOOPNE AGAIN 



IWI ^ W 



(DEST) (SRC) ...MUw-, ^y^s 



:b9tast«A sgsiH 



:fKoJf3ieqO 



Description: 



MOV destination, source 

MOVE transfers a byte or a word from the 
source operand to the destination operand. 



Encoding: 



Memory or Register Operand to/from Register Operand: 



1 0001 Od w mod reg r/m 



if d = 1 then SRC = EA, DEST = REG 
else SRC = REG, DEST = EA 

immediate Operand to IVIemory or Register Operand: 



1 1 0001 1 w modOOOr/m 



data 



data if w=1 



SRC = data, DEST = EA 

immediate Operand to Register: 



COO' 



lOllwreg I data 
SRC -tlatarBEST»«EG- 



data If w=1 



MOV ;MOVEieB!f?nEaH«f®RD) MOV 



Encoding: " 
Memory Operand to Accumulator: 



.. ' V 



1 01 0000 w addr-low 


addr-high 


if w = then SRC = addr, DEST = AL 
else SRC = addr + 1:addr, DEST = AX 

Accumulator to Memory Operand 


1 01 0001 w 


addr-low addr-high 



ifw = OthenSRC = AL, DEST = addr 

else SRC = AX, DEST = addr + 1 :addr *^ ^ ' ■ - 

Memory or Register Operand to Segment Register: 



1 0001 1 1 modOreg r/m 



if rag ^ 01 then SRC = EA, DEST = REG ■ ' 

else undefined operation 

Segment Register to Memory or Register Operand: 



1 0001 1 00 modOregr/m 



SRC = REG,DEST = EA 



MOV Operands 



Clocks* 



Transfers 



Bytes 



MOV Coding Example 



memory, accumulator 
accumulator, memory 
register, register 
register, memory 
memory, register 
register, immediate 
memory, immediate 
seg-reg, reglg^ . - 
seg-reg, mem16 
regie, seg-reg 
memory, seg-reg 



10(14) 
10(14) 
2 

8(12) + EA 
9(13) + EA 
4 

10(14) + EA 
2 

8(1 2) -I- E A 

2 

9(13)-l-EA 



3 
3 
2 

2-4 
2-4 

2- 3 

3- 6 
2 

2-4 
2 

2-4 



MOV ARRAY [81], AL 
MOV AX, TEMP^RESULT 
MOV AX,CX 
MOV BP, STACK_T0P 
MOV GOUNT|Dt];<^- r 
MOVCL, 2 

MOV MASK [BX] [SI], 2CH 
MOV ESi CX 

MOV DS, SEGMENT_BASE 

MOV BP, SS 

MOV [BX],SEG_SAVE, OS 



where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. ' o . f- ji 



2-113 



MOyS MOVE^srmisK^vo mOVS 



Operation: Flags Affected: 

(DEST) *- (SRC) None 



Description: 



' : ■ I * . '. ■ L_- iT- ■ . > ' . • ' ' 



MOys destination^BBig.Mbrcie-string 
MOVS (Move String) transfers a byte or a 

word from the source string (addressed by SI) — . • . . 

to the destination string (addressed by DI) and i!Oit£'i'=)C]0 h'"-'' ^9t) i ■ ' I'i 
updates SI and DI to point to the next string 

element. WhOTiUSgjl^Bi conjunction vyithREPr nOffiaM O* IStSiOOf^ tn?=k'f1TlpS ? 
MOVS performs a memory-to-membry block 

transfer. , . . , 

A3 = T3"jG, .-)''■■'' -■ 'jfi.i 



Encoding: 



i3 r 



1 p jbOjOjlOiVy 



r 



ifw TT..OithenSRC = (SI), DEST = AL, DELTA ^^ 
else Si3Ci=^^SI) * 1:<SI), DEST = AX, DELTA= 2 i 



MOVS Operands 


1 \ Clocks* 


Transfers 


Bytes 


MOVS Coding Example 


dest-string, source-string 
j (repeat) dest-stringiSPurce-string 


18(26) 
9 + 17(25)/ rep 

L 1 1 


2 

; 2/ret? 


1 

.1 . 


MOVS LINE_EDIT„DATA 
RE^ MOVS,SCf?EEN, BUFFER 



*to(w): where b denotes the number of clock cycles for byte operands and w denotes ^iMf 
number of clock cycles forword operands. : ; 



2-114 



mi MULTtPLY 



Operation: jieto^lUecsR 

(DES) *- (LSRG) * (RSRC), where * 

is unsigned multiply 
if (EXT) = Othen(CF)«-0 
else(CF)*-1; 
(OF)-{CF) 



Flags Affected: 

CF, OF. 



Description: 

MUL source 

MUL (Multiply) performs an unsigned multi- 
plication of the source operand and the accum- 
ulator. If the source is a byte, then it is 
multiplied by register AL, and the double- 
length result is returned in AH and AL. If the 
source operand is a word, then it is multiplied 
by register AX, and the double-length result is 
returned in registers DX and AX. The oper- 



ands are treated as unsigned binary numbers 
(see AAM). If the upper half of the result (AH 
for byte source, DX for word source) is non- 
zero, CF and OF are set; otherwise they are 
cleared. When CF and OF are set, they indi- 
cate that AH or DX contains significant digits 
of the result. The content of AF, PF, SF and 
ZF is undefined following execution of MUL. 



Encoding: 

1 11 1 1 oiTw 



mod 1 r/m 



if w = then LSRC = AL, RSRC = EA, DEST = AX, EXT = AH 
elsfe LSRC = AX, RSRC = EA, DEST = DX:AX, EXT = DX 



MUL Operands 



Clocks' 



Transfers 



Bytes 



MUL Coding Example 



regS 
regie 
mem8 
mem16 



- . ZQ-77 
fi8-113 
(76-83) + EA 
(1 28-1 43) -I- E A 



2 
2 

2-4 
2-4 



MULBL 
MULCX 

MUL MONTH [SI] 
MULBAUD_RATE 



where b denotes the number of clock cycles for byte operands 
w denotes the nunob^r gf clock cycles for word operands-. , 



2-115 



l^^Q NEGATE |S|gG 



Operation: i:^^)' :'^iitA j^i^fei t Flags Affected: -r^o^iB is^o 

(EA)-SRC-(EA) ^^ IjJ AF,CF,OF,PF,SF,ZF 



Description: 

NEG destination 

NEG '''(He|ate) subtracts the destination 
operand, which may be a byte or a word, from 
and returns the result to the destination. This 
forms the two's complement of the number, 
eiffectively reversing the si^n of an integer. If 

the'ioperand is zerd, it^ slgn is not changed. 

'•■■'K ■I.-'. -i/K :o >:: .i' ! ■ .'! ; Ht 



Attempting to negate a byte containing -128 
or a word containing -32,768 causes no 
change to the operand and sets OF, NEG 
updates AF, CF, OF, PF, SF and ZF. CF is 
always set ejicept when the operand is zero, in 
WHich case it is cleared. 



Encoding: 



1 1 1 1 011 w mod 01 1 r/m 



ifw = OthenSRC = FFH 
else SRC = FFFFH 



..-/ll . 



NEG Operands 


Clocks* 


Transfers 


Bytes 


Meg Coding Example 


register 
memofy 


3 

16(24) + EA 


, 2" 


2 

2-4 


NEG AL 

NEG MULTIPLIER 



*bfii«)r where b denotes the number of clock cycles for byte operands sivi& 
w denotes the number of clock cycles for word operands. 



2-116 



NOP l«®0BBBl*fflSiN UOP 

Operation: b9i:>snA ags* i Flags Affected: losjsisqG 
None ©floM None (AirOi-ic / 



Description: :nQi^^h&^&Q 

NOP ■ i^..v, 

NOP (No Operation) causes the CPU to do ■ilrm-:: .: ■' 

nothing. NOP does not affect any flags. i. '.,i..> 



Encoding: 



1 01 



NOP Operands 


Clocks 


Transfers 


Bytes 


NOP Coding Example 




.... V . 


— 


1 


NOP i V : 



,"2*137 



Operation: bo AggeR Flags Affected: o??? 5 ? n 

(EA)^SRC-(EA) "^^-rA None 



Description: 

WOl destination -'»^ 

NOT inverts the bits (forms the one's comple- ' - ' -• Jr'' . n' ■ : 
ment) of the byte or word operand. ! ;n., . ; : i n -i!. 



Encoding: 



11 1 1 01 1 w modOl Or/m 



if w = Othen SRC = FFH 
else SRC = FFFFH 



NOT Operands 


Clocks* 


Transfers 


Bytes 


NOT Cddirrg Example 


register 
memory 


3 






NOT AX 

NOT CHARACTER 


16(24) + EA 


2 





'b(w): wliere b denotes tlie number of clocl< cycles for byte. ooerapids and 
-w« denotes the jiumber-oi clock cyclesiot«iAord operands. - ^ 



Qg LOGICALOR 



OR 



Operation: Flags Affected: 

(DEST) - (LSRC) OR (RSRC) CF, OF, PF, SF, ZF. 

(OF) ^0 AF undefined 
(OF)-O 



Description: 

OR destination, source 



03?] =1330 ,AH - OI'oFt .f.o:i = ■ , j - 



OR performs the logical "inclusive or" of the ,3 . t_„^ „ -^*,.J 

two operands (byte or word) and returns the '7?>JV» f?^ bflR^?>qO etBib^^-^r^^J 
result to the destination operand. A bit in the 

result is set if either or boUicor^esgonding bit^^^jj ' ,, ; u J c-Uifi ; vv U i. vy i 

in the original operands-are -seti ©aiwwise-the- 

result bit is cleared. 



.„__L: 



XA - J?3Q ,BiBO - :m'af\ .XA - omj aei© 











i 


in . ' 


^ t 
1 I 

i 




I"::-:- . 









2-119 



OR 



Encoding: 

Memory or Register Operand with Register Operand: 

"noifa'vriS'.u 



1 d w mod reg r/m 



if d = 1 then LSRC = REG, RSRC = EA, DEBT = REG 
else LSRC = EA, RSRC = REG, DEBT = EA 

Immediate Operand to IVIemory or Regisi(er Operand 



1 000 00 w mod 001 r/m 



data dataifw=1 



LSRC = EA, RSRC = data, DEBT = EA 
Immediate Operand to Accumulator: 



000011 Ow 



data 



data if w=1 



If w = tlien LSRC = AL, RSRC = data, DEBT = AL 
else LSRC = AX, RSRC = data, DEBT = AX 



OR Operands 


Clocks* 


Transfers 


Bytes 


OR Coding Example 


register, register 


3 




2 


ORAL, BL 


register, memory 


9(13) + EA 


1 


2-4 


OR DX, PORT_ID [Dl] 


memory, register 


16(24) + EA 


2 


2-4 


ORFLAG_BYTE,GL 


accumulator, immediate 


4 




2-3 


OR AL, 011011008 


register, immediate 


4 




3-4 


ORCX,01H 


memory, immediate 


17{25) + EA 


2 


3-6 


OR [BX].CMD_WORD,0GFH 



•b{w): where b denotes the number of clocl^ cycles for byte operands and w 
denotes the number of clocl< cycles for word operands. 



2-120 



^3 iil'-T^ 



OUTPUT 



OUT 



Operation: beto^nAepsR 

(DEST) *- (SRC) 

Description: 

OUT port.accumulator 

OUT transfers a byte or a word from the AL 

register or the AX register, respectively, to an 
output port. The port number may be speci- 
fied either with an immediate byte constant, 
allowing access to ports numbered through 



Flags Affected: looiteieqi. 

None .vS;:-.! -> ■■■ 



255, or with a number previously placed in 
register DX, allowing variable access (by 
changing the value in DX) to ports numbered 
from through 65 ,535 . • fj Q ; J ? i fj > ~ Q 



Encoding: 
Fixed Port: 



111 0011 w 



port 



if w = then SRC = AL, DEST = port 
else SRC = AX, DEST = port +1: port 

Variable Port: 



1 1 1 01 1 1 w 



if w = tfien SRC = AL, DEST = (DX) 
else SRC = AX, DEST ^ (DX) + 1 :(DX) 



OUT Operands 


Clocks* 


Transfers 


Bytes 


OUT Coding Example 


immedS, accumulator 
DX, accumulator 


10(14) 
8(12) 


1 
1 


2 
1 


OUT 44, AX 
OUT DX, AL 



*b(w): where b denotes the number of clock cycles for byte operands ai 
w denotes the number of clock cycles for word operands. 

2-121 



Operation: :bf^^r>eHA 8qBn Flags Affected: looitsisqO 



(DEST)^((SP) + 1:(SP)) 
(SP)*-(SP) + 2 



None 



"t 'it.- jp^« iv.c 




Description: 




POP destination 

POP transfers the word at the current top of 
stack (pointed to by SP) to the destination 
operand, and then increments SP by two to 
point to the new top of stack. POP can be used 
to move temporary variables from the stack to 
registers or memory. 



-N,-, -nr, TOO 



L 



•V')0 



^£128 




i t A 



• 5*1 



1!A 



Encoding: 
Memory or Regist#f 



1 0001 1 1 1 modOOOr/m 



DEST = EA 



01 01 1 reg 



DEST = REG 

Segment Register: 



reg 1 1 1 



if reg ¥^ 01 then DEST = REG 
else undefined operation 



POP Operands 


Clocks* 


Transfers 


Bytes 


POP Coding ExaitiFil^ 


register 

seg-reg (GSiUegal) 
memory jr 


12 
12 


1 
1 

. . 2 i,, 


1 
1 


POP DX 
POP DS 

J?OR PABAiyifJER .. 


25+EA 



'b(w): where b denotes the number of clocl< cycles for byte operar 
w denotes the_nu_nriber of clock cycles for word operands. 



2-123 



RORF POFiEevGS ROPF 



operation: Flags Affected: 

Flags -((SP) + 1:(SP)) All 
(SP) *- (SP) + 2 



Description: 



.•Dniboon.l 



POPF 



POPF transfers specific bits from the word at 
the current top of stack (pointed to by register 
SP) into the 8086/8088 flags, replacing 
whatever values the flags previously contained 
(see figure 2-3-2). SP is then incremented by 
two to point to the new top of stack. PUSHF 



'COO ' ' 

and POPF allow a procedure to save and 
restore a calling program's flags. They also 
allow a program to change the setting of TF 
(there is no instruction for updating.this flag 



directly). The change is accomplMf^d ' by 
pushing the flags, altering bit 8 of the memop- 
image and then popping the flags, ■ " ' > 



Encoding: 



OS: 



POPF Opefands 


Clocks 


Transfers 


Bytes 


POPF Coding Example 


i(i«i##0ig|tands) 


12 


1 


1 





2W124 



PUSH 



msH PUSH 



Operation: Flags Affected: 

(SP)*-(SP)-2 None 
((SP) + 1:(SP))-(SRC) 



Description: 

PUSH source 

PUSH decrements SP (the stack pointer) by 
two and then tranfers a word from the source 
operand to the top of stack now pointed to by 
SP. PUSH often is used to place parameters 
on the stack before calling a procedure; more 
generally, it is the basic means of storing tem- 
porary data on the stack. 



PUSH R"SH PUSH 



Encoding: 
Memory or Register Operand: 

11111111 |mod110r7m] 
SRC = EA 

Register Operand: 

1 1 reg 
SRC = REG 

Segment Register: 

reg 1 1 
SRC = REG 



PUSH Operands 


Clocks 


Transfers 


Bytes 


PUSH Coding Example 


register 

seg-reg (OS legal) 
memory 


15 
14 
24+EA 


1 
1 
2 


1 
1 

2-4 


PUSH SI 
PUSH ES 

PUSH RETURN_CODE [SI] 



2^126 



BUSHF PUSHFLAGSuH RUSHR 



Operation: ^^^i^bUA af^kh Flags Affected: :noi*6ie<|0 



(SP)-(SP)-2 ^^'"'^ None THUOD-^af 

((SP) + 1:(SP))- Flags 



0=v 



Description: 



J 

f — (10) n^rii 
Oo. ■ (■•'■.3 t... 



PUSHF ■ • 

PUSHF decrements SP (the stack pointer) by ^ouOo nc\iii!Att&9b JOfl 
two and then transfers all flags to the word at 

the top of stack pointed to by SP. The flags ^^j, , . -•, .. . • ,/ 
themselves are not affected. 



.noile.nilaajj -jdj to jid .'.bio 



Encoding: 

10011101 



PUSHF Operands 


Clocks 


Transfers 


Bytes 


PUSHF Coding Example 


(no operands) 


14 


1 


1 


PUSHF 



.a-127 



Operation: ibeloatiA sgsR P'ags Affected: nojJBie jO 



(temp) -COUNT ,i CF.OF 

do while (temp) #0 gr p;^ - .) r mSc ; 

(tmpcf) - (CF) 

(CP) -high-order bit of (EA) 

(EA) - (EA) * 2 + (tmpcf) 

(temp) — (temp)-1 
if COUNT = 1 then 

if high-order bit of (EA) + (CF) 
then (OF) -1 

else (OF)-O 
else (OF) undefined 

Description: 

RCL destination,count 

RCL (Rotate through Carry Left) rotates the i?"!' i' : - 
bits in the byte or word destination operand to . ^ , . 

the left by the number of bits specified in the 
count operand. The carry flag (CF) is treated 
as "part of" the destination operand; that is, 
its value is rotated into the low-order bit of the 
destination, and itself is replaced by the high- 
order bit of the destination. 



.gniboorf3 



=1H3t--;j^ r I r j »>! j (C^nsi-.vqo on) 

2-128 



RCL. ROTATE THROUGH 
whis^u^^ CABBYLEFT. 



:i50iJsieqO 



vA3)Tof;rt ic-: 



u -•• (-1 J; -3ciy 
benileonu mO) e.-Jt 



Encoding: 



110100VW mod01 Or/m 



if v = then COUNT = 1 
else COUNT = (CL) 



1 liC^.Qpfiir§ndjs. 


•J .••.^iC|©eilfS 




j£ans|fers 


Bytes 


RCL CofUng £>^inpJe « 


register 1, 
register, CL 
memory, 1 
jmBttiprv!i,iGU; li 


2 

8 + 4/bit 
15(23)+E/ 
,2(H2S)j+EA.+ ^ 


/bit 


2 

J" 2 j 1 . .1 
1 


2 
2 

2-4 


RCLCX,1 

RCLAL, CL 

RCL ALPHA, 1 n 

#GUj[^P].BARAMi£*Ln 



IMw): where b denotes the number of clocl< cycles for byte operandsalrtl' 
w denotes ttie nmnbef otclock cycles for word operands*,. 



2r.129 



BCR ROTATETHROUGH^ ftOft 

CARRY RIGHT i^^**!- 

Operation: Flags Affected: 

(temp) -COUNT CF, OF 

do while (temp) + 

(tmpcf)-(CF) 

(CF) *- low-order bit of (EA) 

(EA)-(EA) / 2 

high-order bit of (EA) — (tmpcf) 
(temp) — (temp)-1 
if COUNT = 1 then 
if high-order bit of (EA) + next- 
to-high-order bit of (EA) 
then(0F)*-1 
else (OF)-O 
else (OF) undefined 



Description: 

RCR destination, count 

RCR (Rotate through Carry Right) operates 
exactly like RCL except that the bits are 
rotated right instead of left. 



Encoding: 



1 1 01 00 vw mod 01 1 r/m 



ifv = 0thenCOUNT = 1 
else COUNT = (CD 



m .. I I bom! -.v v y r o r -J 

r = THL . : "ti 

(JO) = THUOO 9R\c 



|RC|t Opei-tncte: 


- Clocks 




Transfers 


Bytes 


RCR Coding Example 


register, 1 
register, CL 
memory, 1 


2 

8-1-4/bit 
15(23)-t-EA 
.?a^2»).-|-EA+4/bit 


2 

. 2 




2 
2 

2-4 
2-4, 


RCRBX,1 

RCR BL, CL 

RCR [BX]. STATUS, 1 

RJCR/ApRAV^tQlJ.Gk i 



1to<w): where b denotes the number of clock cycles for byte operanda(\a[irttr 
w denotes the number of clock cycles for word operands. . • 



2-130 



p^p RBBE4T REP 

REPE/REPZ REPE/REEZ 

REPEAT WHILE EQUAL/ 
REREAJJA/HIL&ZERO. 

BERNi/REPNZ REPNE/REPNZ 

REPEAT WHILE NOT EQUAL/ 
REPEAT WHILE NOT ZERQj 



Operation: 

do while (CX)^O 
service pending interrupt (if 
any) execute primitive string 

operation in succeeding byte 
(CX)-(CX)-1 

if primitive operation is CMPB, 
CMPW, SCAB, or SCAW and 
(ZF) 9^ z then exit from 
while loop > ! ' 4^ \ ■ . 



Flags Affected: ^ 



■ V) :^ •:■ i 



Mii ■■ ,-1 



REBE/REPZ REPE/BEBZ 

REPEAT WHILE EQUAL/s 

REPNE/REPNZ REPNE/REPNZ 

REPEAT WHILE NOT EQUAL/ 
REPEAT WHILE NOT ZERO 



Description!''-' " - »b«>' ' 

REP/REPE/REPZ/REPNE/REPNZ 

Repeat, Repeat While Equal, Repeat While 
Zero, Repeat While Not Equal and Repeat 
While Not Zero are mnemonics for two forms 
of the prefix byte that controls subsequent 
string instruction repetition. The different 
mnemonics are provided to improve program 
clarity. The repeat prefixes do not affect the 
flags. 

REP is used in conjunction with the MOVS 
(Move String) and STOS (Store String) 
instructions and is interpreted as "repeat while 
not end-of-string" (CX not 0). REPE and 

REPZ operate identically and are physically 
the same prefix byte as REP. These instruc- 
tions are used with the CMPS (Compare 
String) and SCAS (Scan String) instructions 
and require ZF (posted by these instructions) 
to be set before initiating the next repetition. 
REPNE and REPNZ are mnemonics for the 
same prefix byte. These instructions function 
the same as REPE and REPZ except that the 
zero flag must be cleared or the repetition is 
terminated. ZF does not need to be initial- 
ized before executing the repeated string 
instruction. 



Repeated string sequences are interruptable; 
the pfoce^sSf ' will recognize the interrupt 
before processing the next string element. 
Sysfeiti'tiitertupt processing is not affected in 
any way. Upon return from the interrupt, the 
repeated operation is resumed from the point 
of interruption. However, execution does not 
resume properly if a second or third prefix 
(i.e., segment override or LOCK) has been 
specified in addition to any of the repeat 
prefixes. At interrupt time, the processor 
"remembers" only the prefix that immediately 
precedes the string instruction. After returning 
from the interrupt, processing resumes, but 
any additional prefixes specified are not in 
effect. If more than one prefix must be used 
with a string instruction, interrupts may be 
disabled for the duration of the repeated exe- 
cution. However, this will not prevent a non- 
maskable interrupt from being recognized. 
Also, the time that the system is unable to 
respond to interrupts may be unacceptable if 
long strings are being processed. 



2-132 



RiEt^'^ ATi ^ 1^ 

. ' , \, i ^ i : 1^ 

• - • ..I ..I. " 'ft:- b,-. . r.ff • -'..fltRT-cnO 5<ll 

•'■JSJ-' jli; -jM^ iijii-U'": " ^.■ , - ' : '-.^'■i': ■!ijb'j:j 

.MOiiyinjinf J, siii i ■ k, . j. 

/ 

Encoding: 

1 1 11 001 z 



REP Operands 


Clocks 


Transfers 


Bytes 


REP Coding Example 


(no operands) 


2 




1 


REPMOVSDEST.SRCE 


REPE/REPZ Operands 


Clocks 


Transfers 


Bytes 


REPE Coding Example 


(no operands) 


2 




1 


REPECMPS DATA, KEY 


REPNE/REPNZ Operands 


Clocks 


Transfers 


Bytes 


REPNE Coding Example 


(no operands) 


2 




1 


REPNE SCAS INPUT_LINE 




A li 



RETURN 



Operation: Flags Affected: 

(IP)^((SP)=1:(SP)) None 

(SP) *- (BP) + 2 

if Inter-Segment then 

(CS)-((SP) + 1:(SP)) 

(SP)^(SP) + 2 
if Add Immediate to Stack Pointer 

trien (SP) - (SP) + data 



Description: 



RET optional-pop-value 



RET (Return transfers control from a pro- 
cedure back to the instruction following the 
CALL that activated the procedure. The 
assembler generates an intrasegment RET if 
the programmer has defined the procedure 
NEAR, or an intersegment RET if the pro- 
cedure has been defined as FAR. RET pops 
the word at the top of the stack (pointed to by 
register SP) into the instruction pointer and 



increments SP by two. If RET is intersegment, 
the word at the new top of stack is popped into 
the CS register, and SP is again incremented 

by two. If an optional pop value has been 
specified, RET adds that value to SP. This 
feature may be used to discard parameters 
pushed onto the stack before the execution of 
the CALL instruction. 



:iAi 



2-$34 



BET 



] RETURN 



inoifBisqO 



inw oc 

r -(qmeJ! 
nerft r .0 
nO)^{A3)toria !G„ ■ ti 

b9nii9bnu nO)©ete 



Encoding: 
Intra-Segment: 



11000 011 



Intra-Segment and Add Immediate to Stack Pointer: 



1 1 00001 



data-low 



data-high 



Inter-Segment: 



:yniboon3 



11001011 



[7n\T boTpTTv c r r ' 



Inter-Segment and Add Immediate toSt^i^^B^|)f|)^ 



11001010 data-low data-high 





1 






RET Operands 


Clocks 


Transfers 


Bytes 


RET Coding Example 


'^(jWti^i-si^mentj no pop) 
(intra-segment, pop) 
(inter-segment, no pop) 
*3f#itel^sfeiHient, pop) 

1 -1 


20 
24 
32 
31 


1 
1 
2 
2 


1 

3 
1 
3 

1 ic .ri'u' 


. 

RET : ' .v^C'-^-- ■■■•■n : 
RETjl -iO .YiorrK^rr; ' 

RET ^ 

RET 2 / :iV/)o' 



2r135 



n vf k. 



Operation: Flags Affected: 

(temp) ^ COUNT CF, OF 

do while (temp) ^ 

(CF) high-order bit of (EA) 

(EA) - (EA) * 2 + (CF) 

(temp) *- (temp) -1 
if COUNT = 1 then 

if high-order bit of (EA) # (CF) 
then (OF) ^1 

else (OF) ^ 
else (OF) undefined 



Description: 

ROL destination, count 

ROL (Rotate Left) rotates the destination byte 

or word left by the number of bits specified in j V, v 

the count operand. Li.lJiil, ' ' L 



Li 



Encoding: 



1101 OOvw 



mod r/m 



if v = 0thenCOUNT=J ^ , .^^a.. x . , 

eise^(SS^Mf ^(^i»'2 9f?5ib9fnml bbA bns tn9i?ip9d-istn? 



ROL Operands 


Clocks* 


Transfers 


Bytes 


ROL Coding Example 


fegister, 1 
-register, CL 
memory, 1 
memory, CL 


2 

R + 4/hit 






2 
2 


ROLBX,f ..iJiH^r 
ROLDI,CL 


15(23) + EA 
2Q(28)-HEA-H4/bit 


2 
2 


2-4 
2-4 


ROL FLAG_BYTE [Dl], 1 
ROL ALPHA, CL 



'b(w): where b denotes the number of clocl< cycles for byte Qpfi^andSifli^dl 
w denotes the numbef-6f clock cycles for word operands. '1 - J 



2-136 



ROR 



ROTATE RIGHT 



Operation: .bstoettA egel^ 

(temp) -COUNT "0 
do while (temp) # 

(CF) - iow-order bit of (EA) 

(EA)*-(EA) / 2 

liigh-orderbitof (EA)"^(CF) 

(temp) (temp) -1 
If COUNT = 1 then 

if higli-order bit of (EA) # 'm^ 
to-high-order bit of (EA) 
then (OF) -1 

else (OF)-O 
else (OF) undefined 



Description: 



Flags Affected: rnoiti- v^oO 

iCf.OF , - 



ROR destination, count 

ROR (Rotate Right) operates similar to ROL 
except that the bits in the destination byte or 
word are rotated right instead of left. 



Encoding: 



1 1 01 OOvw mod 001 r/m 



lfv = then COUNT = 1 
else COUNT = (CL) 



ROR Operand 


Clocks* 


Transfers 


Bytes 


ROR Coding Example 


register, 1 
register, CL 
meroory, 1- 
memory, CL 


2 

8 + 4/bit 
- 15(23).+ EA 
,20(28VwEA+4/bit 


2 


2 
2 

2-4 

2-^:n 


RORAL.I - 

ROR BX, CL 

ROR PORT__STATUS, 1 

,RORejyiD^WQRP,G|i 



*b(w): where b denotes the number of clock cycles for byte opera.nds ,and 
w^enotes the-numbGr of GlQckcy<;le&foF^woFd^perands, - - - 



F sTo«E)i»i9rr«iremAH SAHF 

INTO FLAGS ^r^^J9 . 



Operation: .beioetlA agsn Flags Affected: inoitsisqC 

(SF):{ZF):X:(AF):X:(PF):X:{CF^O- iW) AF, CF, PF, SF,t|Fi i o - 



J, -4) 



Description: 



SAHF 

SAHF (store register AH into flags) transfers 
bits 7, 6, 4, 2 and from register AH into SF, 
ZF, AF, PF and CF, respectively, replacing 
whatever values these flags previously had. 
OF, DF, IF and TF are not affected. This 
instruction is provided for 8080/8085 
compatibility. 



{A3) to lid "lebto-dyid-o! 
bsnPfebri" {10} asiQ 



I'l^! lo bE^lzni Jri3.i1 bjietc i sie b-ow 



I rn\T t_Ci bom ; w 7 r G r ' i 
(J0) = Ti/IUO0&3iw 



Encoding: 



1 OOM-1 1 

' nd,-. . 

JO VP :-■ 

r ,ai 








" . '■ " •*» 

' * ' ■ i 






i 


S^HFClperands 


Clocks 


Transfers 


Bytes 


SiAiHF Coding Example 




4 




1 


SAHF 



SAL SHIFT ARITHMETIC LEFT S»AL 
SHL SHlETJUaGlCALLEEI SHL 



Operation: 



Flags Affected: 



(temp) -COUNT 
do while (temp) 



CF,OF,PF, SF.ZF. 
AF undefined 



(CF) - higli-order bit of (EA) 
(EA)-(EA)*2 
(temp) (temp) -1 
if COUNT = 1 then 
if higfi-order bit of (EA) ?t (CE) 

tlien(0F)-1 
else (OF) -0 
else (OF) undefined 



Description: 

SHL/SAL destination.count 

SHL and SAL (Shift Logical Left and Shift 

Arithmetic Left) perform the same operation 
and are physically the same instruction. The 
destination byte or word is shifted left by the 
number of bits specified in the count operand. 
Zeros are shifted in on the right. If the sign bit 
retains its original value, then OF is eieajrsd. 



I 



J 




L 



2-138 



3 H L s Hieou;u344^Li hsm S H L 



. i I i U u< u A 



Encoding: 



110100VW modlOOr/m 



if v = Othen COUNT = 1 
else COUNT = (CL) 



SAL/SHL Operands 


Clocks* 


Transfers 


Bytes 


SAL/SHLCoding Example 


register, 1 


2 




2 


SALAH,1 


register, CL 


8 + 4/bit 




2 


SHLDI,CL 


memory, 1 


15(23) + EA 


2 


2-4 


SHL[BX].0VERDRAW,1 


memory, CL 


20(28) + EA + 4/bit 


2 


2-4 


SAL STORE -^''/NT, CL 



'b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



SAB SHIEX ARITHMETIC 

Operation: Flags Affected: 

(temp) -COUNT CF, OF, PF, SF, ZF. 

do while (temp) AF undefined 

(CF) low-order bit of (EA) 
(EA)-(EA)/2,where/is 
equivalent to signed diwisliirj, 
rounding down 
(temp) — (temp) -1 
if COUNT = 1 then 
if high-order bit of (EA) # next- 
to-high-order bit of (EA) 
then (OF) -1 
else(OF)*-0 
else (OF)*-0 




Description: 

SAR destination, count 

SAR (Shift Arithmetic Right) shifts the bits in 
the destination operand (byte or word) to the 
right by the number of bits specified in the 
count operand. Bits equal to the original high- 
order (sign) bit are shifted in on the left, 
preserving the sign of the original value. Note 
that SAR does not produce the same result as 
the dividend of an "equivalent" IDIV insM^- 



tion if the destination operand is negative and 
1-bits are shifted out. For example, shifting -5 
right by one bit yields -3, while integer divi- 
sion -5 by 2 yields -2. The difference in the 
instructions is that IDIV truncates all numbers 
toward zero, while SAR tri|oca{?5 -RQ^jtSBf 
numbers toward zero and tteiivlWni^Sm 

towardjoegative infinity. 

■ , . Tj 

■ ^ ' ■ ' :■' : ri 



iO.V 



" : 0!ii 



.ztn.b^^'---, bi ...V cl 29iovo s \o -odmufi en; g9;oneb w 



SHIFT ARITHMETIC 
RIGHT 



SAB 



1 11 01 00 vw I modi 1 1 r/m 



if v = then COUNT = 1 
else COUNT = (CL) 



-.1 A^•- 



SAR Operands 


Clocks* 


Transfers 


Bytes 


SAR Coding Example 


register, 1 


2 




2 


SARDXJ 


register, CL 


8 + 4/blt 




2 


SAR Dl, CL 


memory, 1 


15(23) + EA 


2 


2-4 


SAR N_BLOCKS, 1 


memory, CL 


20(28) + EA + 4/ bit 


2 


2-4 


SAR N_BLOCKS, CL 



*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clocl< cycles for word operands. 



2-142 



S66 



Operation: 



SUBTRACT WITH 
BORROW 



if (CF) = 1 then (DEST) = (LSRC) - 

(RSRC)-1 
else (DEST) *- (LSRC) - (RSRC) 



Flags Affected: 

AF,CF, OF, PF, SF,ZF 



DniboonisI 



Description: 



i '.'i Qs^ com ] v; b 



SBB destination.source 



8?H - J83Q ,A3 = OHd-^' - On:> : vit t ^ 'V^ 

A3=:T830 0' 

unsigned binary numbers (see AAS and DAS). 
SBB (Subtract with Borrow) subtracts the SBB updates AF, CF, OF, PF, SF, and ZF. 
source from the destination, subtracts one if Since it incorporates a borrow from a 
CF is set, and returns the result to the destina- previous operation, SBB may be used to write 
lion operand. Both qpi^pc^ fifiaj) fe^ by tes qjjt,i, routin^pj ^Hajt sujjlj^j^pjuij{togr5; ^pi^r^^ 16 
words. Both operb*4s~may - be— sitaed—OF — - -btts;— J 

Aa = 1830 = 0R3R A3 = 0R3J 



j r=w Ti 61 st' I stGD ! w {) r I r ^ o o I 

JA = T3iJC ,bJsL - ORCn .JA - ^^.c. . ; v ^: 
XA » TBBQ = 0FI8fl ,XA - Oh3J eeie 




bnt. chrfK"' 



:(w)cl* 



2-143 



^ ^ 

BORROW 



Encoding: 

Memory or Register Operand and Register Operand: 

:noifqii089a 



0001 lOdw mod reg r/m 



if d = 1 then LSRC = REG, RSRC = EA, DEST = REG 

else LSRC = EA, RSRC = REG , DEST = EA yo■^uc)^ no is o\\-i^t t an 

Immediate Operand from IVIemory or Re^liteVOt^erand: 



•1 0<>O0sw 


mod 01 1 r/m 


datia 


data if s:w=0.1 

— s*j — ya«! tbnn 



■bio/' 



LSRC = EA, RSRC = data, DEST = EA 

Immediate Operand from Accumulator: 



00011 1 Ow 



data 



data if w=1 



if w = tfien LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 



SBB Operands 


Clocks* 


Transfers 


Bytes 


SBB Coding Example 


register, register 


3 




2 


SBB BX, OX 


register, memory 


9(13) + EA 


1 


2-4 


SBBDI, [BX]. PAYMENT 


memory, register 


16{24) + EA 


2 


2-4 


SBB BALANCE, AX 


accumulator, immediate 


4 




2-3 


SBB AX, 2 


register, immediate 


4 




3-4 


SBB CL 1 


memory, immediate 


17(25) + EA 


2 


3-6 


SBB COUNT [SI], 10 



'b(w): where b denotes the number of clocl< cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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SCAB 



SCAN (BYTE OR 
WORD) STRING 



Operation: :b9t33nAaeBR FU198 Affected: :nci»BieqO 



(LSRC)-RSRC) 
if (DF) = then (Dl) (Dl) + we\MA 
else (Dl) *- (Dl) - DELTA 



AF.CF.OF, PF,SF,ZF 

bsngisnu oi Jn©!,. 

■ -c 



(A3) to tid 



Description: 



SCAS destination-string 

SCAS (Scan String) subtracts the destination 
string element (byte or word) addressed by Dl 
from the content of AL (byte string) or AX 
(word string) and updates the flags, but does 
not alter the destination string or the accum- 
ulator. SCAS also updates Dl to point to the 
next string element and AF, CF, OF, PF, SF 
and ZF to reflect the relationship of the scan 
value in AL/AX to the string element. If 



Encoding: 



1 01 0111 w 



- * , ''O; Si;!? 



SCAS is prefixed with REPE or REPZ, the 
operation is interpreted as "scan while not 
end-of-string (CX not 0) and string-element = 
scan-value (ZF = y ,!^Xlys fprtn mayvbe.pj^d 
to scan for departure from a given value. If 
SCAS is prefixed with REPNE or REPNZ, the 
operation is interpreted as "scan while not 
end-of-string (CX not 0) and string-element is 
not equ^l SiCjin-value (ZF = ,0)." This form 



if w = then LSRC = AL, RSRC = (Dl), DELTA = 1 
else LSRC = AX, RSRC = (Dl) -i- 1 :(DI), DELTA = 2 



SCAS Operands 


Clocks* 


Transfers 


Bytes 


SCAS Coding Example 


dest-string 
(repeat) dest-string 


15(19) 
9 -Hi 5(1 9) /rep 


1 

1/rep 


1 
1 


SCAS INPUT LINE 
REPNE SCAS BUFFER^ 



*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



^ 2-145 



Operation: .tiylos^hA sgsil Flags Affected: inoiisi&cjU 



(temp) -COUNT ' 30 .^0 ,^A 
do while (temp) # 
CF) low-order bit of (EA 
(EA)-(EA)/2, where / is 
equivalent to unsigned 
division 
(temp) ^ (temp)-1 
if COUNT = 1 then 
if high-order bit of (EA) ?t next- 
to-high-order bit of (EA) 
then (OF) -1 
else (OF)-O 
else (OF) undefined 



SHK destination, source 

SHR (Shift Logical Right) shifts 'the bit* -fa the 

destination operand (byte or \V6ra) tdHtle-Mjght 
■ 'by' the-'iiiHiiBer 'of' bi¥s Spe^iffetf ijfj, ^j^^^W^^ 
"'bperaWtf. Zei'6?are'*lftiea'iH%B fhe*M§PlMe 

sign bit' refeM' RSife'fiiM^^M^9|H«) &ms, 

cleared. 



CF, OF, PF, SF, ZFi.q^H \) 



ATJ3Q - \iUy 



\ f U / 



:noifqh33e0 



■72 ,iq .10 3 ■ 



:gmboon3 



w r r r |- r J 



r - A Tjaa ,{m - oRan ja - orsj n« i, 

S = ATJ3a .(rO): r + m « 0«3R ,.XA - 0H8J 38l9 



w t! 



— 








ebneieqO 


1 '11^: ■ 




[ 

i » 

i ' . 

- U 9"! \ 1 

! 


(er)ar 
qeT\(er)er-^-9 

: 





.abnsieqo biow to! eoioyo >loolo lo '.;,u.. .ii , ;.. \, ... ; j, . , 



SHa SHIFT LOGICAL RIGHT ^HB 



■io 



br.i 



Encoding: 

1 11 01 00 vw I modi 01 r/m 



if v = then COUNT = 1 
else COUNT = (CL) 



SHR Operands 


Clocks* 


Transfers 


Bytes 


SHR Coding Example 


register, 1 


2 




2 


SHR SI, 1 ' 


register, CL 


8 + 4/bit 




2 


SHR SI, CL 


memory, 1 


15(23) + EA 


2 


2-4 


SHR ID BYTE[SI][BX],1 




2D(?S) + EA.+ 4/l?it 




t 





*b(w): where b denotes the number of clock cycles for byte'Mier^nds 9nd 
w denotes the rLumber of clack cycles for word_operanJs_._'i__ifi j ; ^. . 



STjGt set CARRY.^IHe SI^Q 

Operation: Flags Affected: 

(CF)^1 CF 



Description: 

STC 

STC (Set Carry flag) sets CF to 1 and affects 
no other flags. 



.gnibo?n3 



Encoding: - , ^ — — 



11111001 



1 'J 



llransfers 



(no operands) 



Operation: rbetoeHAeesR Flags Affected: rjoifs^eqO 

(DF)-1 -li DF 



Description: rnoiiqh'j^'^O 

STD 

STD (Set Direction flag) sets DF to 1 causing ........ 

the string instructions to auto-decrement the P ' ^omt • -i 
SI and/or DI index registers. STD does not 
affect any other flags. 



' ^.-' -iai \Or 'M :-- i. i V.;- 



Encoding: 

11111101 



Timing: 2 clocks [ > r c F r j r"! 



STD Operands 


Clocks 


Transfers 


Bytes 


STD Coding Exaniple 


(no operands) 


; o 2 i 

! 


i 


1 


STD 





2-149 



Operation: ^>^^A ggef^ Flags Affected: noil .ieqO 

(IF)^1 "^'-^ IF 



Description: Jqhcv 

STI (Set Interrupt-enable flag) sets IF to 1, o; ? 

enabling processor recognition of maskable 

interrupt requests appearing on the INTR line. 

Note however, that a pending interrupt will 

not actually be recognized until the instruction .:■.!, ui <; v 

following STI has executed. STI does not j, 

affect any other flags. 



Encoding: 

11111011 




STI Operands 


Clocks 


Transfers 


Bytes 


STI CoduigJExample 


(no operands) 


2 




— ,i , 


. STI -.ab.i:. ■.30c: , 
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Operation: 'belosHA agsR 

(DEST)^(SRC) 

if (DF) = then (Dl) (Dl) + DELTA 
else (Dl) *- (Dl) - DELTA 



Flags Affected: :noiJBioqO 

None ' - (OfleJ) - (T830) 



STORE (BYTE/OR/ 
WORD) STRING 



Description: 

STOS destination-string 

STOS (Store String) transfers a byte or word 
from register AL or AX to the string element 
addressed by Dl and updates Dl to point to the 
next location in the string. As a repeated 
operation, STOS provides a convenient way 
to initialize a string to a constant value (e.g., to 
blank out a print line). 



Encoding: 



1 01 01 01 w 



if w = then SRC = AL, DEST = (Dl), DELTA = 1 
else SRC = AX, DEST = (Dl) + 1 :(DI), DELTA = 2 



STOS Operands 


Clocks* 


Transfers 


Bytes 


STOS Coding Example 


dest-string 
(repeat) dest-string 


11(15) 
9 + 10(14)/rep 


1 

1/rep 


1 
1 


STOS PRINT_LINE 
REP STOS DISPLAY 



*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



SUBC, SUBTRACT. 




Operation: ibeiosHA ses^^ Flags Affected: inoiiffiioqO 

(DEST)-(LSRC)-(RSRC) AF, CF, OF, PF, SF, ZF 

ATJiQ 



Description: 



:no!fqho2eQ 



SUB dBstination, source 



The source operand is subtracted from the 
destination operand, and the result replaces 
the destination operand. The operands may be 
bytes or words. Both operands may be signed 
or unsigned binary numbers (see AAS and 
DAS). SUB updates AF, CF, OF, PF, SF and 
ZF. 



^ (IG) 



.•:a - or 



















eni. 
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SUB 



SUBTftACT 



b-?nit9bnu 



:noi*Ei9qO 



- 
,->0) 



Encoding: 

Memory or Register Operand and Register Operand: 



O0i0i0dw|modregr/m| :nol1qno^^Q 

if d = 1 then LSRC = REG, RSRC = EA, DEST = REG 

else LSRC = EA, RSRC = REG, DEST = EA -^o^" s no VaO' ^e-i, rZ3' 

Immediate Operand from IVIemory or Register Operand: 



1 OOOOOs w Imod 1 01 r/m I data.- |dataits;w^Ot 

'mr~jmT7rjTmrrrT7T'rr-7^. 



LSRC = EA, RSRC = data, DEST = EA ^ ' 

Immediate Operand from Accumulator: 

data I data ifw=T 



n.;i:-. 



001 01 1 Ow 



if w = then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 



SUB Operands 


Clocks* 


Transfers 


Bytes 


SUB Coding Example 


register, register 


3 




2 


SUB OX, BX 


register, memory 


9(13) + EA 


1 


2-4 


SUB DX, MATH_TOTAL [Sl[ 


memory, register 


16(24) + EA 


2 


2-4 


SUB [BP + 2],CL 


accumulator, immediate 


4 




2-3 


SUBAL,10 


register, immediate 


4 




3-4 


SUB SI, 5280 


memory, immediate 


17(25) + EA 


2 


3-6 


SUB [BP]. BALANCE, 1000 



"t>(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 



2^153 



Operation: 



Flags Affected: 



(LSRC)&(RSRC) 

(CF)-O 

(OF)*-0 



CF.OF, PF,SF,ZF. 
AF undefined 



.gniboon3 



Description: 



•'S ■ 



I i ] 



TEST destination.source 



A J = rS3a ,Odf; = 0R8R .Aa - afi8J 93ie 



TEST perforins the logical "and" of the two . 

operiands'(byte or word), updates the flags, but '< " ' 

does not return the result, i.e., neither operand — , 

is changed. If a TEST instruction is followed . j m \ i P [' T Do n w ?: C ' i | 

by a JNZ (jump if not zero) instruction, the ~~ ' 

jump will be taken if there are any correspond- a ^ - T^-'.^O ^ tr^h --- 038^ A'"? - riM^JJ 
ing 1-bits in both operands. 



JA 



XA - ''vaC .fitftb = 0R3ri ..XA - 0F!3J saifi 







1 




.JO 

08!?? 1? ■ 


— 







TEST TB&T 



TEST 



Encoding: 

Memory or Register Operand with Register Operand: 



Id0001 0w modregr/m 



2500 TiAA 



LSRC = REG, RSRC = EA 

Immediate Operand with Memory or Register Operand: 

11 H 01 1 w |mod000r7m" 



data 



data if w=1 



LSRC = EA, RSRC = data 

Immediate Operand with Accumulator: 



1 01 01 OOw 



data 



data if w=1 



if w = then LSRC = AL, RSRC = data 
else LSRC = AX, RSRC = data 



TEST Operands 


Clocks 


Transfers 


Bytes 


TEST Coding Example 


register, register 

register, memory 
accumulator, immediate 
register, immediate 
memory, immediate - •> / 


3 

9(13) + EA 
4 
5 

11 + EA 

\ 


1 - 1 II 


2 

2-4 

2- 3 

3- 4 
3-6 

i 


TEST SI, Dl 

TESTSI,END COUNT 
TEST AL.OOIOOOOOB 
TEST BX,0CC4H 
TEST RETUBN_COJ?E,,01H 



WAIT 



WAiT WAIT 



Operation: 

None 



Flags Affected: 

None 



Description: 



WAIT causes the CPU to enter the wait state 
while its TEST line is not active. WAIT does 
not affect any flags. 



o-i" rori! ; '^v J i •• v f 



Encoding: 



1 004,1.s03|.! 



etsfc 



WAIT Operands 


Clocks 


Transfers 


Bytes 


WAIT Coding Example 


(no dxpefands) : . 


3+.5n 


i 


; A-L,- 


1Sl8iQ!<! j 

WAIT .vicme-f-i ■ 

1 - " ! 



E^QHAItlGE XCHG 



Flags Affected: 

None 



Description: 

XCHG destination, source 

XCHG (exchange) switches the contents of the 
source and destination (byte or word) 
operands. When used in conjunction with the 
LOCK prefix, XCHG can test and set a sema- 
phore that controls access to a resource shared 
by multiple processors (see section 2.5). 



Operation: 

(temp)-(DEST) 
(DEST)^(SRC) 
(SRC) *- (temp) 



XA - Tori. 



iP I A. •■■:H-'r( 



' 1 



V2-1S7 



- .iVibr: r-K>": ;)!") '.'V 



XCHG IXGHABSE XCHG 



E p w I" '^i 



Encoding: 

Memory or Register Operand with Register Operand: 

1 00001 1 w I mod reg r/m 
SRC = EA, DEST=REG 

Register Operand with Accumulator: 

I 10010reg~| 

SRC = REG,DEST = AX 



XCHG operands 


Clocks* 


Transfers 


Bytes 


XCHG Coding Example 


accumulator, reg16 

memory, register 
register, register 


3 

17(25)-l-EA 
4 


2 


1 

2-4 
2 


XCHG AX, BX 

XCHG SEMAPHORE, AX 

XCHG AL, BL 



*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 

2-158 



XLAJ TRANSLATE XLAT 

Operation: rbstoanAaesR 

benitsbnu -iA 



Flags Affected: ^^t^HfeiaaO 

None - 



Description: 

XLAT translate-table 

XLAT (translate) replaces a byte in the AL 
register with a byte from a 256-byte, user- 
coded translation table. Register BX is 
assumed to point to the beginning of the table. 
The byte in AL is used as an index into the 
table and is replaced by the byte at the offset in 
the table corresponding to AL's binary value. 



Tfi^f^rsf byte in the table has an offset of 0. 
For exarhple, if AL contains 5H, and the sixth 
element of the translation table contains 33H, 
th6n ;'AL will ' coiitain 33H following the 
M^ttr8efforf.'^?CtAT is useful for translating 
characters from one code to another, the 
classic example being ASCII to EBCDIC or 
the reverse. 



Encoding: 

11010111 



XLAT Operands 


Clocks 


Transfers 


Bytes 


XLAT Coding Example 


source-table 


11 


1 


1 


XLAT ASCILTAB 



a-t59 



operation: 



Flags Affected: 



(DEST) - 

(CF)-O 

(OF)^O 



(LSRC) XOR{RSRC),, 



CF.OF, PF.SF.Zf:, 
AF undefined 



Description: 



XOR destination, source 

XOR (Exclusive Or) performs the logical 
"exclusive or" of the two operands and 
returns the result to the destinatioii operand. A 
bit in the result is set if the corresponding bits 
of the original operands contain opposite 
values (one is set, the other is cleared); other- 
wise the result bit is cleared. , .. . 



•■. TAJX 



XOR EXCLUSIVE OR XOR 



Encoding: 

Memory or Register Operand with Register Operand: 



OOnoOdw mod reg r/m 



if d = 1 then LSRC = REG, RSRC = EA, DEBT = REG 
else LSRC = EA, RSRC = REG, DEST = EA 



Immediate Operand to Memory or Register Operand: 

1 000000 w I modi 1 Or/m 



data 



data if w=1 



LSRC = EA, RSRC = data, DEST = EA 

Immediate Operand to Accumulator: 



001 1 01 Ow 



data 



data if w=1 



if w = tfien LSRC = AL, RSRC = data. DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 



XOR Operands 


Clocks* 


Transfers 


Bytes 


XOR Coding Example 


register, register 


3 




2 


XOR OX, BX 


register, memory 


9(13) + EA 


1 


2-4 


XOR CL, MASK BYTE 


memory, register 


16(24) + EA 


2 


2-4 


XOR ALPHA [SI], DX 


accumulator, immediate 


4 




2-3 


XORAL, 01000010B 


register, immediate 


4 




3-4 


XORSI,00C2H 


memory, immediate 


17(25)-t-EA 


2 


3-6 


XOR RETURN_GODE, 0D2H 



''b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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R03VI8yj3X3 :\( 



:bnsi9q0 i^l- j. A fUiw bnsie'"?0 '/i«rr- 



A3 = 1830 .fijfit- - OP an . A3 



JA - Tc 



I iws I r 



A3 T 



iAPX 88 Hardware 
Design 



I \ 



CHAPTER 3 
HARDWARE DESIGN 



INTRODUCTION 

This chapter discusses the hardwaife design of 

lAPX 88 systems. First, the pins and signals 
of the 8088 CPU are functionally described 
for sjmple, but powerful.iAPX 88 systemR.; 

The timings of 8088 signals are explained, 
and how they cleanly interface the 8088 GPU 
with the rest of the system. ' ' ^ •'• ' 

Olter parte of the iAPX 88 system are dis- 
cussed including, the clock .gKltenitDr, reset 
and wait state circuits. 

Interrupt handling follows, leading into a 
description of maximum mode iAPX 88 

systems. 

8088 CPU Pin Functions 

'The functions of the 8088 CPU pins, are 
categorized by these groups (Fig. 3-1): 

1) Address 

2) Data 

3) Control and Status 

4) Timing ^ _ . 

5) Power/ Ground 



6ND ,C 


1 




40 


nvcc 

□ a15 


A14 n 


2 




39 


A13 r 


3 




38 


□ A1»S3 


A12 E 


4 




37 


^ A17/S4 


A11 C 


5 




36 


^ A18/S5 


A10 C 


6 




35 


^ A19/S6 


ASC 






34 


D SSO 




8 




33 


□ MN/MX 


' AD7 C 


9 




32 


□ SB 


AD6 C 


10 


■-«)8S' 


31 


^ HOLD 


AD5.n 


If 


GPU 


So" 


□ HLDA 


Awt 


-1» 




29 


□ WH 


ADa [2 


13 




28 




AD2 \Z 


14 




27 


□ DT/H 


ADl C 


15 




26 


□ DEN 


ADO C 


16 




25 


□ ALE 


NMI F 


17 




24 


^ tNTA 


INTR {Z_ 


16 




23 


^ TEST 


CLK 12 


19 




22 


□ READV 


GND 


20 




21 


□ reset 



Figure 9-1. 8088 C^UtFliM^ aastbtr 



The number of pins in each group varies. The 
only pin in the Timing group is the clock, 
while others, such as the Address and Data 
groups, use many pins and are multiplexed 
with other functions. 

The 8088 pins and their functions are briefly 
described here. For more information, con- 
sult the iAPX 88/ 10 data sheet (see pg. 37 of 
Appendix) and the iAPX 86, 88 Family 
User's Manual. . ' ' . 

ADDRESS AND DATA 

The 8088^ CPU? uses. 20 pins to directly 
address up to one million bytes of memory. 
Some address pins are multiplexed to also 
function as data or s^tus pm.> Thus, the 
8088 provides all ngp^iKiiiyrSagnals from a 
40-pin package. 

The address pins are discussed below in these 
three groups: 

1) AD0-AD7. Drives the lower eight address 
bits and also the iAPX 88's 8-bit data bus. 

2) Ag- A 15. Address bits 8-15., - 

3) A 1 6- A 1 9. Drives the uppdf ' ■# bits of the ' 
iAPX 88's 20 bit address bus; also generates 
status signals. . • 



Pins ADq through AD7 are time-multiplexed 
in the iAPX 88 system to serve as both 
address and data hnes (Fig. 3-2). At the 
beginning of^every machine cycle, the lower 8 
address bits are driven on these pins. Later in 
the machine cycle, these pins function as the 
8-bit data bus. At this time, ADg-ADy may 
be inputs or outputs, depending on whether 
the 8088 is reading or writing data to or from 
the system. j 

These hnes float to 3-state OFF during inter- 
rypt ajtoowledge. andJocaLbus "holAaclmow- 
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A8-A15 

These pins drive the next 8 address bits on 
the address bus. They are not multiplexed 
with other signals and are valid during the 
entire machine cycle. 

These Unes float to 3-state OFF during inter- 
rupt acknowledge and loidarbus "hold acknow- 
ledge". 

A16-A19 

A26 through Ai9 have two sets of functions. 
First, at the beginning of each machine cycle, 
these pins drive the upper 4 bits of the iAPX 
88's 20-bit address bus. These 4 address bits, 
(riot pipovided by other 8-bit microproces- 
sors), together with the other 16-bits of 
address, enable the iAPX 88 to directly 
addre^' 1 megabyte of memory. This is 16 
times more than 8O80^«O85, ZSO,* MC6800"* 
and MC6809**. 

The second function of these four pins is to 
ptoi^de'Status information. After the address 
has been latched, pins Ajg and Ay-j change 
titeifiifqnction to statfis signals S3 and -'S4. 
These; two signals can be decoded to deter- 
mine which memory segment is being acces- 
sed by tfe 8088 during the current macMne 
cycle (Fig. 3-3). This information could be 
used to enable memory, such that each of the 



4 segments could have its ibWn' iri^byt^ '6i 
memory, extending the iAPX 88 memory 
space to 4 megabytes. 

Status Une S5 gives the state of the interrupt 
flag: S6 ffiiaffl^a^'lbW. Tliese status signals are 
not necessary for normal operation of most 
systjems, but they can be useful for 
diagnostics. ' • ' ■ i > ^ « 

These lines float to 3-state OFF during inter- 
rupt acknowledge and local bus "hold acknow^ 
ledge". ■ ! 

POWER 

The 8088 should have pin 40 connected to 
+5V, and pins 1 and 20 are ground. Decou- 
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Figure 3-2. Time MhiH^lexing of Address and Data 



*Z80 is a registeiied trademark of Zflog Corporation. 
"MC6gdO and MCaog are glittered trartmi ifei atMhBarala Cmporalion. 3-2 



pSng capidmre are (©cSffiffienasd lb ffiS&^ 
jthe noise on the power and ground lines. 

TIMING 

Pin 19 is the clock input for basic timing of 
the 8088. The maximum clock frequency is 
5 MHz for the 8088, and 8 MHz for the 
8088-2. The clock signal is usually generated 
by the 8284A (see pg. 3-13). v 

CONTROL STATUS 

These lines spedSfy the type of machine cycle 
occurring and control external logic. 

RD. The Read line is an active LOW output, 
iwhich indicates when the CPU is reading data 
from a memory or I/O device. 

This signal floats to 3-state OFf d^ut^ "hold 
acknowledge". ' [ ~\ 

'WR. The 'Write si^JSis an active LOW out- 
put, which indicates that the CPU is output- 
Iting data onto the data bus to writ^itjinto a 
memoly 0f 1)6 device, -i i ' f4— ' 

;This signal floats to 3-state OFF during "hold 
acknowledge". 

ALE. Address Latch Enable is an output that 
latches the addresses on the iAPX 88's address 

bus. This signal is usually connected to thci 
STB input of an 8282 latch, (Fig. 3-5). 

The falling edge of ALE latches the address 
on the system address bus to hold it through- 
put the ejatire mactyne dycle, even though 
isome of ^e 8088?i$ 'jidjliess |pins will change 
their functions duririg this finle. r ALE never 
floats. 

lO/M. This output specifies whether the cur- 
rent machine cycle will address an 1/ O or a 
memory device (HIGH = I/O, LOW = 
Memory). This signal is valid during the entire 
machine cycle, and floats to 3-state OFF diir-l 
ing "hold acknowledge". 

RESET. Providing an orderly way to start ot^ 
Irestart an iAPX 88 systeifa, reset'is'ari'afitiVe' 
HIGH input to the8088, synchronized by the 
8284A. " " ■ 



' "ReseT cauSgs" tHir"pi-6cessor" to" imiHeaiafely| 
terminate its present activity and to condition 
the bus as shown in Fig. 3-15. When reset 
returns LOW, the 8088 will begin executing! 
from memory location FFFFOis- 

During reset the processor is initialized to the 
following conditions: j 

1) The Flag register is reset to 0000. ThisI 
disables interrupts and the single step mode. 

2) The DS, ES, SS and IP registers are resetj 
to 0000. ' 

3) The CS register is set to FFFFig. | 

Mn/Mx. This input configures the 8088 in the 
minimum mode when HIGH, and in the max- 
imim^.ijiode when J^O W. This manual focuses 
on minimum modt systems. Refer to pg. 3-24 

for a discussion of maximum mode systems. 

The pins and signals described above are suf- 
ficient to completely control a small multi- 
plexed bus system (Fig. 3-4). Larger systems, 
however, use latches and transceivers for de- 
multiplexing and increasing the drive of the 
busses. Control signals for tiandling these 
latches and for other functions are described 
below as they are used in the iAPX 88 larger 
system (Fig. 3-5). .,' 

DT/R. Data Transmit/ Receive is an output, 
controlling the direction in which the data 
bus transceivers (8286s or 8287s) drive the 
data on the data bus. When HIGH, data is 
transmitted onto the system data bus from 
the 8088. When LOW, data is received from* 
the system bus to be read by the 8088. This 
signal floats to 3-state OFF during "hold 
acknowledge". 

DEN. The Data Enable output drives the 

output enable of the 8286/8287 data bus 
transceivers. This prevents bus contention by 
disabling the data bus traosceivers while thej 
8088 is driving addresses on the address /dataj 

bus., . , .i r,;\ 
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Figure 3-4. lAmW Muitlpiexed Bus System 
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This signal floats to 3-state OPF during "hold 
acknowledge" (Fig. 3-5). 

INTR. Interrupt Request is a level-triggered 
active HIGH input, sampled during the last 
clock cycle of each instruction. It tells the 
8088 to stop what it is currently doing arid 
service an 1/ O or peripheral device. ■ • 

When INTR h detected HIGH, the 8088 
jumps to an interrupt service routine via an 
interrupt vector table in system memory. 

INTR can be internally masked through 
software by resfctting the intetept eimMe l»h 
in the Flag regiit^^ -INTR is internally 
synchronized. 



INTA. Used as a read strobe during interrupt 
acknowledge cycles, INTA is active LOW 
during T2, T3, and T4, of each k&tmipt 
aidknowdedge cyeteJ lNTA is never floated^ ■ 



SSO. This is a status otitput. Wh6n decoded 

with lO/M and DR/R, SSO specifies the 
type of bus activity in progress (Fig. 3-6).' i 
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Figure lAPX iB With Buffered DMiMl^ilexecl Busses 



HOLD/HLDA. Hold indicates that mg 
master is requesting coiitrol of the loeal 
To b^riaitoo wied^di, ; mm^ -bt- -io- ite 

active HIGH state. 

The processor receiving the "HOLD" request 
will issue HLDA (HIGH) at the end of the 
last rtiiacliihe c^tefdT t|e feu^erf inStrtietiiiiiJ 
This acknowledges ,th^ tjie bus can now be 
used by the requestiiig]Tievice. Simultaneous 
OTth ihe isstiarii:e;'i)f J^t)A, the Jjrocessdjj 
floats the local bus and control lines. 

After HOLD is detected as LOW, the proces- 
sor LOWers HLDA, and when the processor 
needs to run another cycle, it wi-ll a^iR-drive 

ithe local bus and control lines. ^ 

i ■ ---p— - — : 

NMI. Non-Maskable Interrupt is an edgej 
triggered input causing a type 2 interrupt. 

A subroutine is activated via an interrupt vec- 
tor in systeOT m e mo r y rf'fMf iraefaaa^Ktbte-- 
by software. 

A transition from a LOW to HIGH initiates 
the interrupt at the end of the current instruc- 
tion. Thi&iDputis.internally synetooftized, _ . 

READY. The READY signal is used to add 
wait states to the 8088 machine cycle so that 
slow I/O or memory devices can be used. 
READY is a synchronized input generated 
by., the 82 84A i fr re$go nse to the^RDYl/ 
RDT2ior AENI/ AEN2 inputs. 

TEStJ Thiis input synchronizes the CPU witlj 

an external event. When used with the "Wait 
for test" instruc tion, th e CPU isJkepLia ai^ 
iidle state until TEST Js_dri4ei idl|r Jjy an; 
•ext&mal event. - i- !_ i | 

I ! I : ; , , . , 

|b088 fills b'iming and Mfhim^rfi Mo< 

The 8088 CPU communicates with external 
logic |through, the s^^^ms bus. This commun- 
ication is accoihpirsfic&ijy a machine cycle, 
in which data is tranferred between the 8088 
and a memory or peripheral device. Durin^^ 
this machine cycle, the Ij^ifi^isgjW^^ 



address to select the proper memory or peri- 
pheral device. Then the 8088 activates the 
read or write control-line, and the data is 
either transferred into the 8088 from the 
selected memory or peripheral device (a read 
cycle) or , out of the 8088 to the selected 
memory oj^jpcjpl^^^c^^a,^^ 

On termination of the cycle, the data is 
latched by the 8088 (read), Qf ithe^, selected 
device (write)j and the CDirtr^' signal t As 



The basic machine cycle of the 8088 consists 
of f OUT' clock periods or T-states, Ti, T2, T3 
and T4. (Hg. 3-7) j . jorri : {^ 

During the first T state (Ti), the CPU.|il^l 
^iiaddcess.on the 204bit address/data/ statffls 
busi'lMs a'ddress s^cifiesr a urtique location 
in the memory or I/O address spaces of the 
iAPX 88, and is guaranteed to be vaUd on the 
aaaress~Wis"'WRM'lliF7^L'ET'Adafess" LatcB 
Enable) signal makes a HIGH to LOW tran- 
siting. ^Bythk. time, the 10/ M, SSO and 
lJE/.iUcon^F^d status signals are alisa 
valia. " ' ■ i j 

These signals tell the external logic which 
type of machine cycle is occurring and in 
which direction data win flow. The signal 
10/ M specifies whether the addressed device 
is in the iAPX 88's I/O space or memory 
space. - ; ■ i V3e3«l--*-| ^ ^ j 

The DT/R (Data Transmit/ Receive) signal 
I I will be HIGH if data is to be transmitted out 
: >f the CPU (a write cycle) or LOW if it is to 
i Jb|^^ad^in^ j 

^--^-^^xmrijeT^di^dwwih 10/ M and DT/1 
'to specify other types of machine cycles such 
as Interrupt Acknowledge, Halt and Passive. 

During state T2, the 8088's Iqwer 8 address/ 
data pins (AD0-AD7) float in preparation 
for the data transfer. 



Next, the DEN and RD or WR cqntrol^sigj 

{toi?MtedteW8P«S«i|yj5i^ enable the data onto 



the bus for the transfer. This data will be read 
into, or out of, the 8088 through pins ADq- 
ADy, which now function as the data bus. 
Also at this time the upper 4 address lines 
switch from address (A16-A19) to status (S3- 
S6). The status information available from 
decoding these lines is primarily for diagQos- 

However. S3 and S4 can be decoded to 
determine which of the four segments is being 
accessed by that particular machine cycle. 
This information can be used to select one of 
the four memory segments (Code, Data, 
Stack or Extra) being addressed by the iAPX 
88. This technique allows memory partition- 
ing by segment to expand memory address- 
'•'g up to four megabytes. 

l3ecd4iag ,S3 and ,S# "can also pro vdf,^^ 



degree of memory protection, by preventing 
©rroneous writes into overlapping segments. 

During T3 the CPU continues to assert write 
data or sample read data on the lower 8 bus 
lines (AD0-AD7) and to provide status 
information on the upper 4 bus lines (Ai6/S3- 
A19/S6). This state allows time for the data 
to stabifeenoBP tire -busIaM: be read bytfte 
8088 or the selected memory or peripheral. 

At the beginning of T4 the RD or WR line 
goes inactive (HIGH) and the data is la tched 
into the 8088 or the selected device. The DEN 
and DT/R signals also^o HIGH and the 
memory or peripheral is deselected from the 
bus. 

Extending Machine Gycie 

If the memory or I/O device cantlot transfer 
(data at maximum CPU transfer rate, the 
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tmnSfetiisJi^fOBaplete and that the machine 
cycle mu5| b^ emended. It does this by bring- 
ing the REAbV input LOW before the 
beginning of T3. This forces the 8088 to insert 
additional clock cycles (Wait States or Tw's) 
between T3 and T4. , ^ 

Bus activity during Tw iS the same as'T3; The 
address and control signals remain on the 
bus, allo\ying time to complete the data 
transfer. When the selected device has com- 
pleted the transfer, it brings the READY pin 
HIGH, allowing the CPU to continue from 
the Tw states into T4. 

The CPU will then latch the data on the bus 
during T4, as it would during- a normal 
machine cycle. The machine cycle is then 
terminated in T4 when the command lines 
are disabled, and the external device is de- 
selected. Refer to READY, see pg. 3-16, and 
the iAPX 86, 88 User's Manual. 

■ ^ J V i., V.' 

Idle Cycles ; 

The 8088 CPU only executes a machine cycle 
when instructions or operands must be trans- '■- 
ferred between the 8.Q88.and. memory or 1/ O 
1 devices. When not executing a machine cycle, 
the bus interface executes idle cycles (Ti). 
[During these idle cycles, the CPU continues 
'to drive status information from the-previoiisi. 
machine cycle on the upper address lines. 

If the previous machine cycle was a write, the 
CPU continues to drive the write data onto 
the multiplexed bus until the start of the next 
machine cycle. If the CPU executes idle 
cycles following a read cycle, the CPU will 
not drive the lower 8 bus Unes until the next 
machine cycle is required. 

Because the CPU prefetches up to 4 bytes of 
the instruction stream for the internal instruc- 
tion queue, the relationship of instruction 
fetch and associated operand transfers may 

!be skewed in tirne and separated by addi^; 

tional instruction fetches. aiavO t vri^-r-t oit-sa 



iiatLb the 8088's internal instruction queue, 
several additional instructions may be fetched 
hrfore the given instruction is removed from 
thequeue^ndfejsecuted. • i i' - 

If the instruction being executed is a jump or 
other control transfer instruction, any instruc- 
tions remaining in the queue ate discarded 
without execution. 

Bus Interface 

The bus interface of an iAPX 88 can be struc- 
tured in a number ways. The best configur- 
ation for a particular application depends on 
system size, and the type of memory, and 1/ O 
devices used. 

The simplest bus interface for an iAPX 88 
system uses the "multiplexed bus" configura- 
tion. In this system, memory and I/O devices 
are attached directly to the 8088's multi- 
plexed Address/ Data Bus (Fig. 3-4). This 
configuration is ideal for small systems where 
simplicity and low component-count are; 
important. j 

Each device must use ALE to intcrtially latch 
~niS"address afia~separate it from data. There 
are, however, certain hmitations to this sys- 
tem. First, only memory and I/O devices 
specifically designed to operate on a multi- 
plexed bus can be used in this system. Figure 
3-8 lists all Intel multiplexed bus components 
which are compatible with the iAPX 88. 
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Secondly, a multiplexed systenr is necsssarily 
small — usually less than 15 components — 
due to the hmited drive^ capabiUty of the 
MOS parts which dinectly drive the bus. 

Larger iAPX 88 systems will nortrially use a 
demultiplexed and buffered bus configura- 
tion, (Fig. 3-5). In this configuration, the 
8282 is used to latch the address and hold it 
on the address bus throughout the entire 
machine cycle. The 8286 octal transceiver 
buffers the data bus to provide the higher 
drive capability necessary for large systems. 
Small systems could eliminate this trans- 
ceiver and the latch on address lines AgrAis. _ 

Memory and Peripheral Interface 

The 8088 uses address, data and control 
information to control and communicate 
with system memory and peripheral compo- 
nents. Some components connect directly to 
the multiplexed Address/ Data Bus, while 
others have separate address and data pins 
and must connect to a demultiplexed bus. 
Some interfacing methods for both multi- 
plexed and demultiplexed busses follow. 

MULTIPLEXED BUS SYSTEMS 

The connection of two multiplexed bus com- 
i)onents (the 8755 A and 8185) is given in 
Figure 3-9. These components receive both 
address and data on the same pins. The 
address is internally latched by the ALEcon — 
trol signal. 

■pile data then flows in (write), or out (read) if 
the device has been enabled using the CS 
(chip select) and CE (chip enable) inputs. 

Note that the RD, WR, lO/ M and ALE con- 
trol signals from the 80S8 CPU coimect 
directly to these chips. — ' j 

Linear Chip Select 

Connecting A 19 to CE2 of the 8755 A in Fig. 

3-9 enables this device whenever A 19 is 
HIGH. CEl is grounded so it is gIwaySjVa|i4j ^. ' 



The 8185 is-eTiabled whenever An is "LOW 
and A12 is HIG H by connecting CS to An, 
CE2 to A12, and CEl to ground. 

Recall that address hues Ag-Ais are held sta- 
ble throughout the machine cycle and thus 
can be connected directly to the chip enable 
or chip select Unes. 

Linear chip select is a method that reduces 

system chip complexity and chip count. At 
the same time, Unear chip selection reduces 
available address space in the system. For 
instance a 2K memory device, the 8755A, is 
enabled by any address between 8OOOO16 and 
FFFFF16 (a 512K byte logical address space) 
(Fig. 3-9). This is usually not a problem 
because most systems using the multiplexed ' 
bus configuration are small enough that the 1 
megabyte address space of the iAPX 88 is far 
larger than necessary. 

DE-MULTIPLEXED BUS SYSTEMS 

Most system memories and peripherals re- 
quire the address to be stable for the entire 
machine cycle, therefore requiring address to 
be latched and held on a separate de- 
multiplexed address bus. Figure 3-10 shows 
this system, with address lines A0-A7 latched 
by an 8282 octal latch, which drives the lower 
8 bits of the de-multiplexed address bus. 

Note that the data bus is still multiplexed. 
This brings up two things to consider. 

First, multiplexed bus parts can still be used 
in this system, provided they are connected to 
the data bus. 

Second, any devices connected to the data bus 
must guarantee not to drive data onto this 
bus before the ALE signal has latched the ad- 
dress into the 8282 and the 8088 has 3-stated 
its lower 8 address drivers in preparation for 
reading the data. If a device were to drive the 
data bus as soon as its address is generated, 
bus contention would occur because the 8088 
is still driving the address on this bus. This 
ceuld cause an incorrect address to be ; 
j^tehed into the 8282 address latch. 
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Convettie«tiy?"fti01t"=' imtW peripheitfe; 
EPROMs and RAMs in the iAPX 88 family 
gMswide Output' enable or read inputs which 
pi«veait<thkifrt)m happening. <Jnv»tiO(ifnoT 

0t)ser^i^li<!>W&ye^iA'^fii# atitf^^eWpheral 
components are connected in this system 
fifidfiguration. A 2716 2K x 8 EPROM and 
tw» 21M^RAMs are connoted iii ahiMPX 
88;system with a demultiplexed address bus 
(Fig. 3-10). Address lines Aq-Aiq from the 
demultiplexed address >t)us are connected''©* 
the address inputs Ao-Ajq of the 2716. 

The multiplexed data bus is connected to the 
dita output bf the 2716. The ^ (ehii) ena- 
ble) input is driven from an address decoder. 
This could be either a decoder PiROMi er a: 
TTL decoder such as a 74LS139'. - , - ■ 

Another possibiUty is to use 'd^-feSSap^ 
select, described previously. 



The output «naWe <01) of^the'271t6 is-dflsnwA 
by the 8088's RD control line. This enables 
the output data onto the data bus from the 
2716 ^ith-ihc pi-oper 1iiHffl^g'itd'i««?erit!^ 
contention problems. 

The connections for a 21 14 RAM are a little 
different from a 2716 because the 2114 is a 
I'K X 4 memory, and because it c»n be 
written-to as well as read. Also, because it 
does not have an output enable, care must be 
takctt tdmot cause bus contention by driving 
the data bus too early. 

The address pins of the 2114 are directly con- 
nected tb ■ Ao^Ag on ihe de-ititfM|pi^;^0d 
address bus. The data pins I/0i-l/04''Mfe 
coimected to the multiplexed data bus. 

dijri KiSb ,i:e3)ijbf. 
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the 2114 is a IK x 4 memory, we 
Wieri,f ;^« ! 21 14's ; to make aH'88i-bit ' wide 
HMgmory. The two 2 11 4s are connected to the 
diai^.bos so that one drives data lines D0-D3, 
and the other drives D4-D7. Any read" or 
write to the 2114s will enable both chips at 
the same time to move the 8-bit data byte. 

The chip select input cannot be conncctisd 
directly to the output of the address decoder, 
as was done with the 2716,,, because the 2114 
has no output emble pin^ Instead, • GS ' is 
delayed by ORing the chip select with the 
DEN output ^of^tlje 8088. This delays the 
21 14s from outputting the data until after the 
address has been latched by the faUing edge 
^LE and the ^^^§,,l;ias, t^-il^te^..^^^ 
address/ data bus. 



LARGE DE-MULTIPLEXED BUS SYSTEMS ' 

Ilie bus configuration in Figure 3-10 is fine 
for medium-sized systems^ but if ;too manjf 
components are connepted tortti&'busses^ thq 
8088's outppsts, ysiip.j^^,lj|jj^ 

system. 

Figure 3-5 shows a system where 8282 
kteta0s havd been added^a liiie^ Ag^^s and 

A16-A19, and an 8286 octal transceiver haS 
been added to the multiplexed data bus. This, 
i^Qmf^lislllt^i two ^iftgSfi'! > '■('•,' .;i :-h 
First, address bits Aj^-Aig are multiplexed 
with status bits S3-S6 and therefore must be 
latched like lines AD0-AD7 if they are to be 
used in addressing. 

Second, the 8286 on the data bus, and the 
8282s on the address bus, can drive much 
er Jj^s iig«s*te«'8Gg8(^tei3MtJi the 8088 
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drive specified to drive 2.0mA and lOOpF, a 
system with 5 peripheral components and 10 
memory components would overload the 
bus. 

The 8282 non-inverting and 8283 inverting 
octol latches plus Ihe 8286 non-inverting and 
8287 inverting octal transceivers can drive 
loads up to 32mA and 300pF. The 8282/8283 
are directly controlled by connecting ALE to 
the STB (strobe) input and grounding OE. 
The 8286/ 8287 i s controlled^ by connecting 
the 8088's DEN and DT/R signals to the 
8286/«28Ts EN (enable) arid T (trartsihit 
inputs). These signals provide the proper tim- 
ing to guarantee that the address is latched 
properly and that the 8286/8287 drives ifctfti 
in the correct direction for read and write 
cycles. : 

Note that adding these latches and 'transceiv- 
ers increases the chip count and adds 
propagation delays (25ns for the 8283 and 
a287 and 35ns for the 8282 and 8286) that 
subtract from the read or write access time of 
the system's memory and peripheral devices. 
For complete specifications of the 8283/ 8282 
and 8286/8287 see the data sheets in the 
Appendix. -li,. : :-■■..< ^ 

Memory Operands 

Tlie i^APX 88 directly operates on 8- or 16-bii 
ioiemory ttiisA Variables. This means that a 
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Figure 3-12. How 16-bit Data is Arranged 
within 8-blt memory 



variable m.^ ■ occupy one or two bytes of 
memor;, (each byte is 8-bits). Consequently, 
8-bit operands are read or written in one 
machine cycle, while 16-bit operands require 
two bus cycles. 

16-bit operands are stored in memory, with 
the most significant byte (MSB) first and the 
least significant byte (LSB) in the next loca- 
tion. Figure 3-12 shows that when the 16-bit 
operand 6543 was moved from the AX regis- 
ter to memory location 3, the MSB (65) was 
moved into location 3 by the first inachine 
cycle, and the LSB (43) was moved to loca- 
tion 4 in the tiesrt imchirite cyfcle; 

Clock Generation 

The 8088 requires a clock signal with fast rise 
and fall times (10ns maximum) between low 
and high voltages. 

The maximum clock frequency of the 8088 is 
5 MHz, and 8 MHz for the 8088-2. The 
recommended method for generating this 
signal is to use In^'sig^284Aci(y^|e!ner^^^ 

USING 8284A 

Either an external frequency source or a ser- 
ies resonant crystal may be selected to drive 
the 8284A. The selected source must oscillate 
at 3X the desired CPU freqjuency. 

To«eleet the crys^l ra]»ut$ 4$fithe' 8284-A as 
the frequency source for clock generation, the 
F/C input to the 8284A must be strapped to 
ground. The crystal should be connected 
using the configuration shown in Figure 3-13. 
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Figure 3-13. Generating Cloclt Signal with 8284A 
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high-accuracy frequency source, externally- 
variable frequency source, or a common 
source for driving multiple 8284A's is desired, 
the External Frequency Input (EFI) of the 
8284A can be selected by strapping the F/C 
input HIGH through a pull-up resistor (~ IK 
ohms). The external frequency source should 
be TTL compatible, have a 50% duty cycle, 
and oscillate at 3 times the desired CPU 
operating frequency. 

The 8284A has several other functions, includ- 
ing RESET and READY generation (see pg. 
3-16). For complete details on lAPX 88 clock 
generation, rrfer^tc»,^^bg,..iAPX.,8?/,iq. ^iid 
8284A data sheets. 
Reset 

The 8088 RESET line provides an orderly 
way to start or restart an iAPX 88 system. 

When the processor detects the positive- 
going edge of a pulse on RESET, it 
terminates all activities until the signal goes 
LOW, at which time the internal CPU regis- 
ters are iiiiriiliited'^d^ffiefTCSetcondition (Fig. 
3-14). 

Upon RESET, the code segment register and 
the instruction pointer are initiaKzed to 
FFFF]6 and respectively. Therefore, the 
8088 executes its first instruction following 
system reset from al^solute memorj^ loeatioli 
FFFFOH. This location normally contains an 



CPU COMPONENT 


CONTENT 


FLAGS 


Clear 


Instruction Pi5InTef 


OOWTH 


CS Register 


FFFFH 


DS Register ^ 


'! OOOOH 1 


SS Register i 


OOOOH 


\ i 

ES Register i 


OOOOH ; 


Queue- 


Empty 



'> J; Figure 3-14. CP.U.Sitate Following Reaet 



intersegment direct JMP instruction whose 
target is the actual beginning of the system 
program. 

As external (maskable) interrupts are dis- 
abled by system reset, the system software 
should re-enable interrupts as soon as the sys- 
tem is initialized, to the pbMf whete. iM^i- 
rupts can be processed. "~' " 
The 8088 requires an active HIGH reset, with 
minimum pulse width of 4 clocks, except 
after power-on which requires a 50 us reset 
piilse. 

Sino^ the CPU internally synchronizes r^t 
with the clock, the reset is internally active 
f Of up tQj one clock periodj after the external 

Non-Maskable interrupts (NMI) or hold 
requests occurring during the internal reset 
are. not acknowled^. Arj^ol4 req;Ue$t active 
immediately after the internal reset will be 
honored before the first iiistruction fetch. 

Upon reSfet tlus8(^8 'wiH icohditiorii system'^ 
busses in the following manner (Fig. 3-15): 
The address bus will float to -the three-state 
condition upon detection 6f tSset by the 
CPU. It floats until the CPU comes out of 
reset and begins fetching code 'from 
FFFFOh. 

Other signals, which three-state will be ^nve^ 
HIGH for one clock low pe^/^ P?^pr to 
entering three-state (Fig. 3-16). ' 
T<A&and4{fcBA^re-<fa iv cH ina c t ive (fcOW) 
and are not three-stated. 

22K ohm pulhup resistors should be con- 
nected to floatable] CPU command and buS 
control lines, to guarantee the inactive state 
of these'^Mnes i^-.s3^l|^^ ^^h^re leakage cur- 
rents or bus bapacitance ' may cause the 
voltage levels to settle below the minimum 
HIGH voltage of devices in the system. 

The reset signal to the 8088 is normally gem 
erated by the 8284A. The 8284A has a 
schmitt trigger input (RES) for generating 
reset from a LOW active external reset. 
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The hysteresis specified in the 8284A data 
sheet impHes that at least 0.25 vohs will 
separate the logic and 1 switching point of 
the 8284A reset input. Inputs without hys- 
teresis switch from LOW to HIGH 
HIGH to LOW at appjoximately the same 
voltage threshold. The inputs are guaranteed 
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Figure 3-15. iAPX 88 Bus Condition During Reset 



to switch at specified LOW and HIGH voIt 
tages (ViL and Vih), but the actual switching 
point is anywhere in between. 

Since Vil min. is specified at 0.8 volts, the 
fr^St^F^i^s guarantees tiiat^tM" reset NvUl be 
active until the input reaches at least 1.05 
volts. A reset will not be recognized until the 
inputTdrOj^ at l^st 0.25 volts below the reset, 
inputs Vih of 2.6 volts. 

To guarantee reset from power up, the reset 
input must remain below 1.05 volts for 50 fis 
after Vcc has reached the minimum supply 
voltage of 4.5 volts. The hysteresis allows the 
reset input to be driven by a simple RC cir- 
cuit (Fig. 3-17). 

The calculated RC value does not include 
time for the power supply to reach 4.5 volts, 
or the charge accumulated during this inter- 
val. Without the hysteresis, the reset output 
might oscillate as the input voltage passes 
through the switching voltage of the input. 
The calculated RC value provides the min- 
imum required reset period of 50 fis for 
8284A's that switch at the 1.05 volt level, and 
a reset period of approximately 162 jus for 
8284 A's that switch at the 2.6 volt level. 
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If tightei-- tolerance between tht minimum 
and maximum reset times is necessary, the 
reset circuit shown in Figure 3-18 might be 
used rather than the simple RC circuit. This 
c;kc^iy)rjoyides_^cc5ptant Qurrent sou^ 



SYSTEM RESET 



+ 5 



8284A 






8088 


RESET 
RES 

CLK 






RESET 
CLK 






F/C 







Figure 3-17. 8284A Reset Circuit 



a linear charge rate cm ths capacitor, rattter 
than the inverse exponential charge rate of 
the RC circuit. The maximum reset period 
forthis ifhplenientatiort fe'124 /us. 

The 8284A synchronizes the reset input with 
the CPU clock to generate the RESET signal 
to the CPU. This output is also available as a 
general reset to the entire system. Reset has 
no effect OB' any clock circuits in the 8284A. 

READY fMPLEMENTATION AND TIMING 

As discussed previously, the ready signal is 
used in the iAPX 88 system to,generate wait 
states to accommodate slow memory and 
I/O devices. Ready is also used in multipro- 
cessor systems to force the CPU to wait for 
access to the system bus. 

The 8284A can be set up for systems using 
synchronous or as ynchronou s ready signals 
by strapping the ASYNCH input HIGH 
(synchronous) or LOW (asynchronous). To 
use the synchronous configuration, the de- 
signer must analyze the ready timing to 
insure that the setup and hold requirements 
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are always met by the 8284A's RDY and 
AEN inputs. If this can not be guaranteed, 
the asynchronous configuration must be 
used. r I 

Asynchronous System 

To insert a wait state in the asynchronous 
configuration, the RDY inputs must be valid 
at least 35ns before the rising edge of the 
clock in state T2. The AEN must be valid 
50ns before that edge. > , , , ,1 

If RDY or AEN make a transition later 
than these setup times, the 8284A may not 
recognize the change in time to cause the 
READY output to change until after the 
next clock cycle. For a normally not RE A D Y 
system, this simply causes an extra wait state 
to be added. In normally READYisystems, 
this must be avoided because it results in 
premature termination of the machine cycle. 

Synchronous Systems ' ' 

In synchronous systems, setup times for the 
8284A's RDY and AEN inputs are specified 
from the falling edge of the clock in state T2. 
In this configuration (ASYNCH strapped 
LOW), tr ansitio ns must not occur during the 
RDY lOr AEN setup time to insure proper 
operatioh: of the.'82MA. ' ' 1 " > 

•Depending on the size and characteristics of 
tKe system, ready implementation may use 
either the normally READY or the nortfiUfy 
not £)F approach. 



Normally Ready Systems 

In normally READY ^ysievas, all devices are 
assumed to operate at the maximum CPU 
bus bandwidth. Devices that do not meet this 
requirement must disable READY as noted 
above to guarantee the insertion of wait 
states (Fig. 3-19). This implementation is typ- 
ically used in small single-CPU systems. It 
reduces the logic required to control the 
READY signal. Since a device requiring wait 
states may fail to disable READY in time to 
be recognized, resulting in premature termi- 
nation of the machine cycle, the system 
timing must be carefully analyzed when usiqg 
this approach. 

Normally Not Ready Systems 
An alternate ready implementation is to have 
the system normally not READY. When the 
selec t ed dev ice receives the command (RD/ 
WR/INTA) and has had sufficient time to 
complete the data transfer, it activates 
READY to the CPU, allowing the CPU to 
terminate the machine cycle (Fig. 3-20). This 
iiriplemeiifatibn is characteristic of large 
multiprocessor systems, multibus systems, or 
where propagation delays, bus access delays 
attd device characteristics iriHetehtly slow the 
system down. For maximum system perfor- 
mance, devices that can run with no wait 
statfs mmt return "READY" witltto, the pre- 
^}}^-4^ri,iie4 tim^fiMiueit^ isspond iQ 
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time will only result in the insertion of one or 
more wait states. 

RDY1ahdRDY2 ''-''"^ ■ ■ '"■-'-■■^ 
To generate a stable READY signal to satisfy 
the 8088's setup hold times, the 8284A pro- 
\ides two separate system ready inputs 
(RDYl and RDY2) and a single synchron- 
ized ready output (READY) for the CPU. 

The RDY inputs are enable d with s eparate 
active LOW access enables (AENl, AEN2) 
to select one of the two ready signals. The 
system ready inputs to the 8284A (RDYl, 
RE)Y2) nmst be vaKd 35hs (TRl VCL) before 
T3 and AEN must be valid 60ns before T3. 

For a syste m usi ng only one RDY input, the 
associ ated A EN is tied to ground while the 
other AEN is connected to 5 volts through 
IK ohms (Fig. 3-21). If the system generates a 
LOW active ready signal , it ca n be connected 
to one of the 8284A's AEN inputs, i f the 
additional setup time required by the AEN 
input is satisfied. In this case, the associated 
RpY iniput.lfr6tild be jEied HIGH (Fig, 3r223. 

Single Wait State Generator 

Most memory and peripheral devices that fail 
to operate at the maximum CPU frequency 
typically require only one wait state. 

The circuit in Figure 3-23 is an example of a 
simple! m&t state^nbmtbi'.! Thesyst^ t^aedy 
line m'4i&fm low !«^nevi# ^;i^^k«Pk«^djHltlg 



one wait state is selected. The flip-flop is 
cleared by ALE, enabling RDY to tbe 
8284A. - ' f 

If no wait states are required, the flip-flop 
remains HIGH. If the system ready is driven 
LOW, the flip-flop toggles on. the LOW to 
HIGH clock transition of T2 to force one 
wait state. The next LOW to HIGH clock 
transition toggles the flips-fiop again to indi- 
cate ready, and allow completion of the 
machine cycle. Further changes in the state of 
the flip-flop will not affect the machine cycle. 
The cycle allows approximately l(X)ns for 
chip select decode and conditioning of the 
system ready. 

Interrupfs 

The iAPX 88 has a simple and versatile inter- 
rupt system. Interrupts may be triggered by 
devices external to the CPU pr by ^{t^a^ 
interrupt instructions or, under certain condi- 
tions, by the CPU itself. 

Every interrupt is assigned a type code that 
identifies it to the CPU. The type code is used 
by the CPU to point to a location in the 
memory hasedinterrupt vector iiiblecontam- 
ing the address of the interrupt routine. 

This interrupt vector table can contain up to 
256 vectors for different interrupt types (Fig. 
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ine 8U»e nas iwo inputs mat mayDeiisea by 
external devices to signal interrupts, INTR 
and NMI. 

The INTR (Interrupt Request) line is usually 
driven by an Intel® 8259A Programmable 
Interrupt Controller (PIC), which is in turn 
connected to the devices that need interrupt 
service. The 8259 A is a' very flexible compo- 
nent that is controlled by software com- 
'mands from the iAPX 88. The PIC appears 
as a set of 1/ O ports to the software. 

The 8259 A's main job is to accept interrupt 

requests from the devices attached to it, 
determine which requesting device has high- 
est priority, then activate the iAPX 88 INTR 
Une if the selected device has higher priority 
than the device currently being serviced (if 
any). , ... . ■ ■ 

When INTR is active, the CPU takes different 
action depending on the state of the interrupt- 
enable flag (IF). No action takes place, 
however, until the currently executing instruc- 
tion has been completed. Some unusual cases 
are described under the heading of Interrupt 
Latency Exceptions. Then, if IF is clear — 
meaning that interrupts signaled on INTR 
are masked or disabled — thd CPU ignores 
the interrupt request and pro4e^es tte p«r~ 
instruction. 



so It THUSt^^neta isctive until a response is 
received or the request is withdrawn. 

If interrupts on INTR are enabled (if IF is 
"1"), the CPU recognizes the interrupt request 
and processes it Interrupt requests arriving 
on INTR can be enabled by executing an STI 
(set interrupt-enable flag) instruction, and 
disabled by the CLI (cleaf iriterrupt-enable 
flag) instruction. They also may be selectively 
masked (some types enabled, some disabled) 
by writing commands to the 8259A. 

Note that to reduce the likelihood of exces- 
sive stack build-up, the STI and IRET 
instructions will reenable interrupts only after 
the end of the following instruction. 
The CPU acknowledges the interrupt request 
by exe cuting t wo consecutive interrupt acknowr 
l)^pips(IJff j^maChiM* cycles (Fig. 3^). if. a 
bus hold request arrives via the HOLD line 
during the INTA cycles, it is not honored 
until the INTA cycles have been completed! 
The first cycle signals the 8259A that the 
request has been honored. , ^ 

During the second INTA cycle, tlife 8259A 
responds by placing a byte on the data bus. 
This byte represents the interrupt type (0-255) 
associated with the device requesting services 




(VECTOR V 



ADt-ADo 



Flgure^3<'24. Interupt Aekpoinrledge Sttqu^ce 



( 3FFH 
3FCH 



AVAILABLE 
t INTERRUPT 
POINTERS 
(224) 



mima; RESERVED 
* INTERRUPT 
POINTERS 
(27) 



084H 



I 080H 
' 07FH 



-MfaffdATEb' 
INTERRUPT 
POINTERS 

no (5). , 

r;i.r 'SUn J^C!1 01 D"'-. 



01 4H 



010H 



008H 



I OOOH 



TYPE 255 POINTER: 
(AVAILABLE) 



TYPE 33 POINTER: 
^^AVAILABLE) 



TYPE 32 POINTER: 
(AVAILABLE) 



TYPE 31 POINTER: 
(RESERVED) 



TYPE 5 POINTER: 
(RESERVED) 



TYPE4 POINTER: 
OVERFLOW 



TYPE3 POINTER: _ 
1-BYTE INT INSTRUCTION 

,_ . \ - . . ; 



TYPE 2 POINTER: 
NON-MASKABLE 



_ TYPE 1 POINTER: 
V SINGLE-STEP 



_ TYPED POINTER: _ 
DIVIDE ERROR ' 



. i ' .-i.^ ■ ■>!' ,1.. . .:\ ■ 



,..^4 J.. 



,-1 !,;!}fi»?' w'. !»')•> 



ij(;, '1'. :.:iii5t>u3i 'au''' -'i;n' ir: ; 



:,:.;■■/ .... q 



.1 ii..ni> ■■■'! h'.'K'r! '':r>* '''T:"'! ''"^ 



OS BASEADDRESSi ' . 
IP OFFSET ^ 



-IBBITB- 



1?^ .) 



Figure 3-25. IntBirupt Vector Table in Memory 

3-21 



i^^dftaiiWftii^fieaisN 



The type assignment is made when the 8259A 
jis initialized by software in the iAPX 88. 

jThe CPU reads this type code, locates the 
I corresponding interrupt vector in the inter- 
I nipt vector table, and calls the corresp(|nding 
■ interrupt procedure. \ 

Interrupt Latency Exceptions 

I There are a few cases in which an interrupt 
; request is not recognized until after the fol- 
lowing instruction. Repeat, LOCK, and 
'segment override prefixes are considered 
"part of the instructions they prefix; no 
interrupt is recognized between execution of 
a prefix and an instruction. ' 

A MOV (move) to segment register instruc- 
tion and a POP segment register instruction 
'are treated similarly: no interrupt is recog- 
j nized imtil after the following instruction. 

jThis mechanism protects a program that is 
! changing to a new stack by updating l^S and 
! SP. If an interrupt were recognized after SS 
has been changed, but before SP has been 
altered, the processor would push the flags, 
i CS, and IP into the wrong area of memory. 

, Therefore, whenever a segment register and 
another value must be updated together, the 
segment register should be changed first, fol- 
lowed immediately by the instruction that 
changes the other value. 

I WAIT and repeated string instructioii-s^,2 
j cases where an interrupt request is recognized 
j in the middle of an instruction. In these cases, 
! interrupts are processed after any completed 
j primitive operation or wait test cycle, f 

; External Interrupt 

! An external interrupt request may also arive 
' on another CPU input, NMI (non-maskable 
interrupt). This line is edge-triggered (INTR- 
is level-triggered) and must be active for at 
1 least two clock cycles. It is generally used to 
' signal the CPU of a "catastrophic" event, 
j such as imminent loss of power, memory 
error, or bus parity error. , , 



Interrupt requests arriving on NMI cannol 

be disabled. They are latched by the CPU, 
and have higher priority than an interrupt 
request on INTR; I 

If an interrupt request arrives on both Unes 
during instruction execution, NMI will be 
recognized first. Non-maskable interrupts are; 
pre-defined as type 2, which means that th^ 
address of the service routine will be found in 
the interrupt vector table at memory location 
8 (Fig. 3-25). Because NMllf^efined a4 
type 8, the processor does not need to be 



;^ ^ supplied with a type code to call the NMI 
'^''|rr6TOaure. 'h?--,!' i 



Interrupt Latency 

The time required for the CPU to recogniz^ 
an external interrupt request depends on hov/^ 
many clock periods remain in the execution 
of the current instruction. The longest latency 
occurs when a multiplication, division, variable] 
bit shift or rotate instruction is executing 
when interrupt request arrives . 

As mentioned previously, in a few case^ 
worst-case latency will span two instructioiis 
rather than one. 

INTERNAL INTERRUPTS 

.i ; . iAn, INT instruction generates an interrupt 
•'■'OiiSfti^iately upon coiiipletion of its execuf 
tion. The interrupt type, coded into the 
^ , ip^^rijptioQ, lets J^he CPU obtain the interrupt 
—routioe-addresS frbm the interrupt vector 

Since any type code may be specified, soft- 
ware interrupts may be used to test interrupt 
' procedures written to service external 

devices. 

The CPU itself generates a type interrupt 
■ "iHnHedilitelytbliowing execution of a DIV of 
IDIV (divide,-«i|iteger divide) instruction, if 
the calculated quotient is larger than the spec; 
ified destination. ! 
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SINGLE-STEP EXECUTION 

tf the' trap flag (TF) is set, the CPU aiitdirikt- 
ically generates a type 1 interrupt following 
every instruction. Single-step execution is a 
powerful dehuggiiig tool; ' f 'oii i ? 

If the overflow flag (OF) is set, an INTO 
(interrupt on overflow) instruction generates 
a type 4 interrupt immediately upon comple- 
tion of its execution. 

All internal interrupts, INT n, INTO, divide 
error, and single-step share tlifesfe chai^efef- 
istics: 

1) The interrupt type code is either contained 
in the instruction or is predefined. ' 

2) No INTA machine dy^les are run. 

3) Internal interrupts ^ciannot be disabled, 
except for single-step. ' ■•.:>■■ 

4) Any internal interrujErt Jtescept Mftgle-sf ep) 
has higher priority than any external inter- 
rupt (Fig. 3-26). If interrupt requests arrive 
on NMI and /or INTR during execution of 
an instruction that causes an internal inter- 
rupt (e.g., divide error), the internal interrupt 
is processed first. ; 

INTERRUl>T VECTOR TABLE 

The interrupt vector table is the hnk between 
an interrupt type code and the procedure 

designated to service interrupts associated 
with that code (Fig. 3-25). 

The interrupt vector table occupies up to the 
first 1 K bytes of low memory. There may be 
up to 256 entries in that table, one for each 



INTERRUPT 


PRIORITIES 


Divide error, INT n, iNTO 


highest 


NMI 




INTR 








Singleistep [ 


lowfiest 



interrupt type that can occur in the system. 
Each entry in the table is a double word poin- 
ter containing the address of the procedure 
that is to service interrupts of that type. 

The higher-addressed word of the pointer 
contains the base address of the code segment 
containing the procedure. The lower- 
addressed word contains the procedure's 
offset from the beginning of the segment. 
These two word pointers will be placed in the 
CS and IP registers, respectively, to cause the 
CPU to'eieciiteithie i^temipit service routine. 

Since each entry is four bytes long, the CPU 
can calculate the location of the correspond- 
ing entry for a given interrupt type by simply 
mvWplying,(iyiJe • 4),. ; . ; i 

Unused space at the high end of the interrupt 
vector table may be used for other purposes. 
The dedicated and reserved portions of the 
interrupt pointer table (locations OH — 
7FH), however, should not be used for any 
other purpose-, to insure proper operation 
and compatibility with future Intel hardware 
and software products. 

INTERRUPT ACKNOWLEDGE SEQUENCE 

When a maskable interrupt is acknowledged, 
the CPU executes two interrupt acknowledge 
machine cycles (Fig. 3-24). The CPU will not 
recognize a hold request from another bus 
master until the full interrupt acknowledge 
sequence is cOifi^e^,' 

During the first machine cycle, the CPU 
floats the address/ data bus and activates the 
INTA (Interrupt Acknowledge) command 

oitpat'diiisAif MIM Vz^^^mmgH T^' ' ' 

During the second machine cycle, the CPU 
again activates its INTA command output. 
The external interrupt system (e.g., an Intel® 
8259A Programmable Interrupt Controller) 
responds to this by placing a byte on the data 
bus that identifies the interrupt source, the 
vector type. This byte is read by the CPU, 
multiplied by four, and used as a pointer into 
ftfe inieitajbt VfectoriMblk'' ' " 
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Before calling the corresponding interrupt 
routine, the CPU saves the machine status by 
pushing the flag's register onto the stack. 

The CPU then clears the interrupt enable and 
trap bits in the flag's register to prevent sub- 
sequent maskable and single-step interrupts. 
The CPU also establishes the interrupt rou- 
tine returnljfli^age by pushing the current CS 
and IP register contents onto the stack, 
bejfore loading the new CS and IP register 
values from the interrypt yectgr table! , , 

BUS CoMtrol Transfer ' ' " • • • 

In most iAPX 88 designs, the system biisses 
are normally controlled by the 8088 CPtT. 
This means that address and control signals 
are driven by the 8088, and that data is driven 
by the 8088 or by a device being read by the 
8088. . ' - ? - : 

HOLD AND HLDA 

In some cas^, however, another device can 

take control of the system bus and drive it 
while the 8088 is forced into the inactive 
state, called "HOLD". 

This occurs when a device such as Intel's 
8237A or 8257 DMA Controller requests 
control of the iAPX 88 system by driving the 
8088's HOLD input HIGH. The DMA con- 
troller must then wait until the 8088 responds 
by raising the HLDA (Hold Acknowledge) 
output. This signals the DMA controller that 
the 8088 has completed the machine cycle in 
progress when the HQLD request occurred 
and floate^4 its,1pm^,a^ ]ia|p4.^^^i^p,^';2^7. 

The 8088 remains in the HOLD state until 

the DMA controller releases it by bringing 
the HOLD hne LOW. Then the DMA con- 
troller floats the bus and control goes back to 
the 8088 after its HLDA output goes LOW. 

Figure 3-28 gives a general interconnect dia- 
gram for an iAPX 88 system with an 
8237A-5 DMA Gon|^pJ|ep This.^s 



configuration in which the HOLD/ HLDA 
sequence would be used. 

The handshake timing for transfer of bus 
control is shown in Figure 3-29. Note that the 
8237A-5 drives the system only when the 
8088 is in HOLD, and that HLDA and the 
8237A AEN output can be used to properly 
enable and disable other components ^tp 
assure a clean transfer ofjPPUtrpL^ ,1 . 

Maximum Mode Systems 

In addition to the minimum mode systems 
described, the iAPX 88 can also be config- 
ured in t6e maximum mode. 

Maximum mod& systems -ase4n£ended prim- 
arily for larger multi-board and multi- 
processor systems because they prpvide a 

. ,r| 
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In the minimum mode 8088 CPU, the 
number of control outputs is limited by the 

number of pins available on the 40 pin pack- 
age. The maximum mode iAPX 88 system 
gets around this limitaition by using the 8288 



bus controller to generate several of the sys- 
tem control signals (Fig. 3-30). This frees up 

several 8088 pins to support multiprocessing 
functions not available in minimum mode 
systems. 




Figure 3-29. HOLO/HLDA Timing 
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fins with different functions in minimum 
dnd maximum modes are listed in Fig. 3-31. 

Pins 26, 27_and 28, which were DEN, DT/R 
and lO/ M in the minimum mode, are 
lieplaced by the status lines SO, Si and S2. 

These three status Unes are used by the 8288 
to produce seven bus control functions, ena- 
bling the 8088 to redefine pins 24, 25 and 29. 

pins 24 and 25 are now used to track the 
status of the 8088's queue (listed in Fig . 3-32). 
Pin 29 provides a function called LOCK 
which is used to prevent other processors 
from using a shared resotaiSa wMejtis beiiig" 
used by the 8088. ■ \ 

Pins 31 and 30 now implement functions 
called Request/ Grant and Request ' Grant 
1. These have the same function as HOLD/ ■ 
HLDA, but both functions are implemented 
on one bi-directional Hne. This enables the 



maximum mode iAPX 88 system to directly i 
support three bus masters — the 8088 and 
two more — instead of the two supported in 
the minimum mode. Figure 3-33 shows the 
timing for the Request/ Grant function. 

In Figure 3-34. an iAPX 88 system is config- 
ured in the maximum mode. Status Unes SO, 
SI and S2 from the 8088 are connected to the 
8288, which then produces the system com- 
mand an(J control signals and interface to the 
m!^bus. i;- I 
The Request/ Grant lines can interface to the 
8087 and 8089 co-processors as shown. 

/ The 8284A clock generator is used the same 
wiay as in n^jMsautn mode systems. The 8289 i 
Bus Arbiter, also included, coordinates the 
use of system resources. For a complete dis- 
cussion of maximum mode systems, see j 
Intel's iAPX 88, 86 User's Manual. ' 
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., Figure 3-32. Queue Status Decoding 
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INTRODUCTION 

_ This chapter describes some iAPX 88 system 
design examples, ranging from a simple 
seven-chip system, to a larger system with 
multiple CPU's and coprocessors. The iAPX 
nomenclature is used for configurations using 
the ^^ OT 8086 with 8089s and 8087s. 

MULTIPLEXED SYSTEM 

The first iAPX 88 design example is a simple 
multiplexed bus system, complete wSETSOSS 
CPU, 8284A clock generator, and — depend- 
ing on the amount of memory and I/O 
desiredt— 2-5 multiplexed bus components. 
This system demonstates the power, sim- 
pUcity, and density possible in iAPX 88 
designs. 

In its smaUest configuration, titm system 
consists of only 4 chips: 

8088 CPU 

-5284A ..jClpck Generator 

.8755A--2- . -^i-:^ytes EPR6MLlfi.liiifi&j:;LD 

IK Bytes RAM ! 



00 A 
OA 



8185 



configui::kion we will discuss has-7-cbips: 

8088 CPU - 1 j — 

8284A Clock Generator 
2 X 8755 A-2 4K Bytes EPROM, 32 I/O Lmes 
2 x 8185 2K Bytes RAM j' " 

^p5-2 i 256 Bytes RAM, 22 1/ O' p^es, 

■'''.I'Olj/ 



Timer/ Counter 



This system is built on a 95 mm X 105 mm 
printed circuit board. It draws 400 — 600 mA 
from a single 5V power supply and includes 
an RS-232C interface, an LED for visual 
communication, a RESET switch^ and 
TOMP£R options. A small monitor aria"" 
two programs — CHESS and TINY BASIC 
— are available* to demonstrate system 
capabilities. 



Users Library. 



qnsite",-Ae Intel - 
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This system uses the 5MHz 8088 CPU. Its 
.memory and 1/ O components are connected 
directly to the 8088|s multiplexed address/ 
data bus, and no wak states are required. 

Address Decoding 

The memory and I/O address spaces are 
decoded using upper address Unes for linear 
chip selects. Address lines A10-A13 are 
connected directly to the CS (chip select) and 
CE (chi^p^nable) inputs of the memory and 
1/ O components. This eliminates the need for 
special decoding PROMs or TTL, re- 
ducing component count aind syStem com- 
plexity. 

The address decoding table (Fig. 4-1) lists 
address line u^ge fbf 'mbmory ind I/O 
address decoding. 

CAUTION: For most systems using linear 
chip selects, some addresses enable more than 
one memory or 1/ O device at the same tin^e. 
For instance, the 8755A-2 in location E3i is 
^lables any <ime All is HIGH. Another 
device, the* 185 at E6 is enabled, when A13 is 
LOW-atnd AlO is HIGH. Although the 
iJS^A^f- is uniquely selected by' address 
locations F800H-FFFFH and the 8185 is 
uniquely selected by 14H-17FFH, both com- 
ponents are enabled by memory addresses 
from COOK to FFFH. Therefore, the pro- 
grammer must NOT use this range of 
addresses. ' 
I/O 

This system provides 54 I/O lines, some 
dedicated to the RS232C interface, the LED 
output, and the 8155's timer/ counter. The 
other I/O lines are available for general 
jpurpose 1/ O. The two 8755As provide 32 1/ O 
lines, individually programmable as inputs pr 
outputs. Three of these lines, PA7, PBO and 
PB7 of E3, implement the RS232C REC- 
EIVE-DATA and TRANSMIT-DATA fun- 
ctions, and the LED output. 

The implementation of the RS232C interface 
>i^M ffi^^iined for a few interesting tricks 
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ADDRESS LINE USAGE 


RECOMMENDED 
DEVICE ADDRESSING 


DEVICE 


PART 
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A13 
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A9 
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MEMORY 16 


I/O 16 
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Figure 4-1. iAPX 88 Demo Board Address Map 
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that eliiflinate the need for the +12 vdlt and - 
12 volt power supplies normally required. 
The +12 volt power supply was eliminated by 
connecting the emitter of Tl to +5V. While 
this produces a signal that is not strictly 
within the RS232C specification, it works 
well on intereoimections of less than 10 
meters. 

This design also employs a useful trick to 
eliminate a -12V power supply. Many people 
have attempted to eliminate this supply by 
driving the TRANSMIT-DATA line bet- 
ween GROUND and +5V. Because of a 
circuit switching element (Transistor T2), the 
low-level signal is always a little higher than 
ground and hence won't work with many 
terminals requiring a negative voltage for a 
LOW. This design, however, uses the REC- 
EIVE-DATA line (presumably driven by a 
true RS232C-compatible terminal) as a 
source of a negative voltage. 

This negative voltage (negative whenever 
RECEIVE-DATA is low) charges capacitor 
CI through diode Dl. This circuit has been 
verified to work when receiving any sequence 
of characters, except BREAK. 

BREAK causes a very long "1" on REC- 
EIVE-DATA; TRANSMIT-DATA event- 
ually exhausts the negative charge on cap- 



acitor CI. If desired, a -12 volt supply may be 
connected to the junction of CI, Dl and R4. 

This RS232C interface is driven by soft- 
ware to provide the proper timing for 
transmitting and receiving characters. 

Multiplexed System #2: The Vest Pocket 
Computer | 

Cdinbinihg state-of-th&>art microprocessor 

components results in a usable computer 
small enough to be carried in a vest pocket 
(Fig. 4.2). ! i 

In only 15 square inches (3"x5"), this system 
could contain a 2K tiny BASIC operating 
system, 16K memory for user programs, and 
an 1/ O port. The port is designed to mtedtgx 
to a terminal. 

The system is designed with an 8088 CPU, 
8755A I/O Port with EPROM and 21821 
RAMs with 4K bjrte de^ity each. 

The 21821 is a new concept in RAM 
architecture, interfacing directly on the iAPX 
86, 88 or MCS-SS multiplex«l bus, responjd- 
ing directly to controls ^om the processor 

Contained within the 21821 is a com- 
plete memory system on a single piece of 
silidon. 1 i 
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Using a dynamic storage cell, the 21821 
includes all the necessary support logic such 
as refresh control, arbiter, latches, and multi- 
plexers. (Fig. 4-3) 

iAPX 88 DEMULTIPLEXED BUS SYSTEM 

In this application example we will look at an 
iAPX 88 system which uses 2114 RAMs 
connected to a demultiplexed bus, and an 
8251 A to implement a serial interfa^. 

As seen in Figure 4-4, the 8088 CPU receives 
its CLOCK, READY and RESET signals 
from the 8284A. 

The control software is in the 8755A 
EPROM. This software contains the "boot- 
up" routine which tells the CPU how to get 
started when the system is reset. It might also 
contain a small monitor, an interpreter such 
as TINY BASIC, or some game software. 

The 8155 provides 256 bytes of RAM, 
timer/ counter and 22 I/O lines. Both devices 
connect directly to the 8088's multiplexed 
address/ data bus because they internalUy 
latch the address when AliE goes LOW. 

The majority of the system RAM is provided 
by two 21 14s. These IK x 4 static RAMs do 
not internally latch the lower 8-bits of address 
as the 8755 and 8155 do. For this reason, an 
8282 octal latch is used to provide a 
demultiplexed address bus. The 8282 looks at 
the lower eight bits of address at the 
beginning of each machine cycle, and holds it 
on the address bus on the falling edge of ALE. 

Note that the 21 14s are chip selected, using a 
decoded address from the 8205 decoder, 
combined with the DEN output of the 8088, 
The DEN delays the chip select until the 
system is ready for data to be driven onto the 
data bus. If this were not done, the 2114s 
would output data onto the data bus shortly 
after the address appeared on the bus. This 
would -cause _ a problem called "Jbus con- , 
tention", where the 8088 is driving address 



information on the address/ data bus at the 
same time the 2114s are beginning to drive 
data on that same bus (see Fig. 4-5). This is 
prevented by using DEN to delay CS until 
after AI.E go^s LOW. 

Universal Synchronous/Asynchronous ' 
Receiver/Transmitter 

Another important part of this design is the 
8251 A US ART. The 8251 A is a peripheral 
device programmed by the CPU to transmit 
and riec^iw"seital data. ; 1 

The USART accepts data characters from 
the CPU in parallel, and then converts the 
characters into a serial data stream for 
transmission. Simultaneously, the 8251 A can 
receive serial data streams and convert them 
into piiraillel data characters for the CPU. 

The 8088 and 8251 A interface is quite simple. 
Data travels to and from the 8?51A via the 
8088's multiplexed address/ data bus. The 
RD and WR inputs of the 8251 A are driven 
directly by the 8088's RD and WR control 
lines. - ..v..^^„.,^...„ - ■ 

The Chip select is provided by the 8205 
address decoder, and address line AO tells the 
USART whether the data bus is transmitting 
a data character or a conirbl/ status char- 

T. — ■S??' ■■">.?? •! ■-. i 

Baud/Rate Generation 

The rate serial data shifts into and out of the 
8251 A is controlled by thte Receiver Clock 
(RxC) and Transmitter Clock (TxC) inputs. 
They are provided by the TIMER OUT 
output from the S155's 4-bit counter/ timer. 

A demultiplexed system is useful for a 
number of applications, including small 
control or monitoring systems, dedicated 
testing, or games. 

The monitor software for the 8755A is 
available through Insite, the INTEL users 
library. It contains a "bootup" routine, 
. display/ alter memory and . jegistsrs,. single^ 
step, break point, and other functions. 
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iAPX 88=BASED SI 00 BU& SYSTEM 

One very popular standard for microcompu- 
ter systems is the SI 00 Bus. This appHcation 
example describes an SI 00 system which uses 
the iAPX 88 to implement a high perfor- 
mance system which has many other benefits. 

First, an iAPX 88-based SlOO system is easy 
to implement, because the CPU interface is 
very similar to the CPUs for which the 
standard SlOO was originally designed. For 
example, the hardware of an 8083-based 
SlOO CPU card is very similar to this system. 

Secondly, because this SlOO system is using 
an iAPX 88 CPU, standard SlOO memory, 
I/O, peripherals, and other cards, can take 
advantage of the powerful iAPX 88 features 
to greatly enhance the capabilities of existing 
S 100 systems based on the 8080, Z80 or other 
8-bit CPU's. 

Another point is that, along with higher 
performance, the system also has the advant- 
age of the greatly relaxed iAPX 88 bus to 
accoitimodate slower memory, I/O, and 
peripheral cards without the perfomaance , 
degradation of wait states. 

The bus also directly supports the iAPX 
88's 1 Megabyte memory address space. 

As shown in the block diagram in Figure 4-6, 
the system has 3K bytes of EPROM (three 
2708's), IK of ROM (two 2114s), fully 
buffered busses and demultiplexed address 
bus. The control and status busses have been 
decoded to.pro\dde compatible signals for the 
SlOO bus. 

1/ O, peripherals and additional memory are 
assumed to be on the other standard SlOO 
cards in the system. A detailed schematic is 
shown in Figure 4-7. 

PC board and software for this system are 
available from Microfuture The boards 
are called the CP88, and the monitor 
software the muMon/88. 

Note 1: Microfutwe, PX>. Box S931, SaB Jose CAr — 

95150. 



iAPXM-BASED CRT CONTROLLER 

ITiis apphcation example describes an intel- 
ligent CRT controller based on the iAPX 88 
and the 8276 Small System CRT controller. 
This design demonstrates the power of the 
iAPX 88 and LSI chips for a low component 
cotint. 

A unique implementation shows how to 
eliminate the need for a DMA controller, 
while enabling the iAPX 88 to supply 
characters directly to the 8276 by means of 
internipt-driven software. 

The overhead on the processor is less than 
30%, leaving it free to implement intelligent 
terminal functions, as local data processing. 

The entire design requires only 22 IC 
packages. ' 

The heart of the controller is an iAPX 88 
operating at 5 MHz (Fig. 4-8). It is supported 
by two 8185 (IK X 8) static RAMs, and a 
2716 EPROM, containing control software. 
An 8251 A programmable communication 
interface provides synqhronous or asynchro- 
nous serial communications. 
Baud rates are selected by switches on the 
board. The baud rate clock is generated by 
the 8253 programmable interval timer under, 
software control. 

An 8255 A provides three 8-bit parallel I/O 
ports, two of which are utiUzed for keyboard 
scanning. The third port is used to sense 
option switch settings and to sense the 
vertical retrace signal from the 8276 for CRT 
synchronization upon reset. 

The CRT interface is controlled by an 8276 
programmable CRT controller. The CRT 
dot and character timing is generated by an 
8284A clock generator. A second counter of 
the 8253 timer provides the appropriate 
horizontal retrace timing for the CRT 
monitor. A 2716 EPROM provides a user- 
programmable character generator. 



the character EPROM into a serial bit stream 
to illuminate dots on the CRT screen. The 
2716 character generator, makes it possible to 
display special symbols for word processing 
or industrial control applications, or to 
display characters and words in a foreign 
Umguage. 

Screen Memory Feature 

One special feature of this design is the iAPX 
88's Load String (LODS) instruction to 
emulate DMA. This DMA function fills the 
8276's row buffers which must receive 80 
characters (one row on the CRT screen) every 
617 microseconds. This is done using an 
interrupt routine which saves the registers to 
be used, poirits ' to 'thb fiM character to bie 



DMAed, and uses a repeated Load String 
(REP LODS) to DMA 40 words (80 bytes) to 
the 8276. The routine then checks to see if it is 
at the bottom of the screen memory, updates 
the character pointer in memory, restores the 
registers, and returns from the interrupt. 

DMA Emulation 

The LODS instruction actually moves each 
byte of data from memory to the 8276 in one 
machine cycle by using a special decoding 
trick to generate both a read signal to 
rpempry anti a write signal to the 8276. The 
atlitlress decoding is set up so that the screen 
memory is at memory locations 30H to 
7FFH. This memory is also accessed by 
iriemory addresses 1030H through 17FFH. 
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Figure 4-8. CRT Controller Block Digram 



Any memory reads using addresses 1030H- 
17FFH will simultaneously cause a write to 
the 8276 row buffers (Fig. 4-9). 

W tMs Avaj^, the iAPX 88 emulates DMA by 
addressing both the 8185s and 8276, directly 
transferring data from the screen memory to 
the 8276 row buffers. Other access trfic^feeri 
memory, such as inputting a character from 
the keyboard, are done using addresses 

Another demonstration of the power of the 
iAPX 88 is the routine which recognu^s 
escape characters (Fig. 4-10). ^ ^■^-•-obE 

Using the iAPX 88's Translate (XLAt) 
instruction and flexible addressing, this 
routine takes only 9 lines and 22 bytes of 
code^ It executes in 6^ microseconds. Xbis 
isame routine written for the 8085 A-2 takes 20 



Unes, 61 bytes, and' 31 labroseconds. The 
iAPX 88 uses fewer than half the hues and 
bytes of code, while executing 4.7 times 

iAPX 88 MULTIRROCESSIN&jSYSTEMS J. 

Using multiple processors in meeiflm^fl^ 
large systems offers several significant advan- 
tages over the.centraUzed approach that relies 
on a sin^e GPU anif cxtreMely^ast memor^?; 

1) System tasks may be allocated to special- 
purpose processors whose designs are opti- 
Mze'd'Vo perform specific tasks simply and 
efficiently. 

2) Very high levels of performance can be 
attained when processors can execute simul- 

— taneousl)L(paEalkl/4isbibuted processing). - 
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3) Reliability is improved by isolating "sys^" " 
tern functions so a failure or error in one part 
of the system has a Umited effect on the rest 
bf the system. ' i 

4) Modular system design promotes parallel 
development of subsystems breaks the appli- 
cation into smallesr,. more manageable tasks, 
and helps isolate (-^^ effects,. of system 
modifications. 

The iAPX 88 architecture supports two types 
iof processors: independent processors and 
coprocessors. 

An independent processor executes its own 
instruction stream. The sds* CPU and '8689 
I/O Processor are examples of independent 
processors. An 8088 typically executes a 
program in response to an interrupt. The lOP 
starts its channels in response to an interrupt- 
like signal called a channel attention; this 
signal is typically -^ued a" ®?^. 

The iAPX 88 product line architecture also 
supports processor extensions. The 8087 
Numeric Processor Extension is an example. 
A special interface, designed into the 8088, 
allows this type of processor to be ac- 
comodated. 

iThe processor extension adds ^additional 
registers, data types, and ihst^ction re- 
sources directly to the system. Whha one 8087 
|is configured with one 8089 and an 8088, the 
system is referred i to as iAPX88/21 (Fig. 
4-11). H ^1 

' ', C 1 ' 

I ■■• . 1 --^ , : 

iAPX 88 Multiprocessor interface 

The iAPX 88 architecture simplifies the 
jdevelopment of multiple-processor systems 
jby providing facilities for coordinating the 
interaction of the processors. The iAPX^ " 
provides built-in solutions to two classic 
multiprocessing coordiqation problems: bus 
arbitration and myual exilusion.' * 

Bus arbitration may be performed by the bus 
request/ grant logic contained in each of the 
processors (local bus arbitration), by 8289 



"bus arbiters (system bus arbitration),~orl5ya 
combination of the two, when processors 
have access to multiple shared busses. In all 
cases, the arbitration mechanism operated 
invisibly to software. 

For mutual exclusion, each processor has a 
LOCK (bus lock) signal (program activated), 
to prevent other processors from obtaining a 
shared system bus. 

The lOP may lock the bus during a DMA 
transfer to ensure both that the transfer 
completes in the shortest possible time, and 
that another processor does not access the 
tifa-get of the;trans|ir (dg., a buffer) wlUe it is 
begin updated. 

Each subsystem can epcamine and update a 
memor y byte with thfc ims locked, using a 
LOCK prefix with the XCHG instruction. 
This instruction pan be used to implement a 
semaphore taiechanism for controlling the 
access of multiple processors to shared 
resources. A semaphore is a variable that 
indicates whether a resource, such as a buffer 
or a pointer, is "available" or use." 

One multiprocessing system is shown in 
Figure 4-12. This iAPX system uses the 8088 
I ^Pl| to perform data processing activities, i 



XOR AX, AX ; clear AX 

MOV BX,ESCTBL ; load table pointer 

MOV AL, USCHR ; read character 

CMP AL,41H ; check for 41 H (lowest 
i possible escape character 

value) 

JL SETiIP" ^; not valid 

CIMP AL,48H ; check for 48H (highest 

possible escape character 
value) 

JG SETUP ; not valid 

XLAT ; translate to routine address 

JMP (AX) 

Figure 4-10. Escape Character Recognition Code 
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handled by the 8089 I/O Processor. This 
configuration is said to use the TOP in local 
mode because the 8088 and the 8089 share all 
the system resources and the common local 
bus. The system name for the 8088/8089 
combination is iAPX 88/11. 

Use of the system resources is arbitrated by 
the Request/ Grant (RQ/GT) line which 
serves the same function as HOLD/ HLDA 
in minimum mode. This enables the 8089 to 
gain control of the system to read parameter 
blocks from memory, perform DMA, or 
execute other I/O processing tasks. 

Figure 4-11 is a block diagram of an iAPX 
88/21 system. Here the lO processor is said to 
be in remote mode because it has its own local 
resources separate from those of the 8088. 

The processors communicate with each 
other and can share resources via the 
MULTIBUiS™ system bus. Control of the 
MULTIBUS™ is handled by the 8289 Bus 
Arbiter. Note that each subsystem has its 
own 8289 (to access the system bus in order 
to use shared resources and communi^te 
with the other subsystem. 

An example of one possible configuration for 
the 8089 in Remote Mode is shown in Figure 
4-13. This subsystem has its own local I/O 
and memory resources. For many systems of 
this type, a large percentage of th" 8089's 
tasks will use its local resources and not 
require use of the multimaster system bus. 

But, when the 8089 does need to use shared 
resources, the 8289 M^ill obtain control of the 



system will assure that bus contention and 
deadlock do not occur. 

Some systems will have several separate data 
processing tasks which can all be operated on 

at the same time. This could use a con- 
figuration such as Figure 4-14, which has two 
iAPX 88/ 16 subsystems and one iAPX 86/ 10 
subsystem. This could easily be expanded by 
adding Numeric Data Processors (iAPX 
88/20) S089 I/O Processors, and/ or morei 
iAPX 88, 86 subsystems. Each subsystem has 
its own local bus on which it can attach 
its own resources. 

In this system, the LOCK output of the 
processors can be very important. When one' 
subsystem begins an operation such as a read- 
modify-write using a shared resource, the 
CPU can use the LOCK to assure that the 
operation is completed before another sub- 
system can take control of the system bus. 

The LOCK signal tells the 8288 and 8289 that 
control of the bus must not be given up 
between the two bus cycles of this type of 
instruction. In this way, an exchange instruct- 
ion can be used to set a seniaphore flag 
without the possibility of losmg the bus 
between the rjead and write (^t\es of the 
exchange. ' •> | 

The iAPX 88 architecture promotes' modularj 

multiprocessing designs. The mkximum; 
mode interface with the 8288 Bus Controller' 
and 8289 Bus Arbiter provide aU the signals 
necessary for implementing multimaster 
busses and greatly simplifying the design of 
large systems, j 'i * 
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WHAT IS A MICROCOMPUTER? 

A Microcomputer is a system of one or more 
integrated circuit devices uang ^^yifecMdubi 
tor technology and digital logic to implement 
large computer functions on a smaller scale. 

Computer miniaturization is a leap-frog 
technology, with microcomputers gettipg 
smaller, faster, and cheaper each year. 

There are three main elements in a micro- 
computer system; each has a spedal rolfi^o 
play in the overall operation of the computer 
system. These three elements are shown in 
Figure 1. They are the central processing uriit 
(CPU), the njjgffiaey, §$xd 'tii^^^l/putji^ 
(lO) ports. 

The CPU does the actual work of the micro- 
6&ftiptfter systeMr*Uniferi«^l processing (addi- 
tions, subtractions, et^O 'i^'i*^^^**^*'^ 
and timing functions. 

The CPU is told what to do by a set of 
instructions, called a program, stored in the 
microcomputer's memory. Data is also kept 



in the memory and processed according to 
programifted iristaruotions. The input/ output 
(10) ports allow the CPU to communicate 
with the outside world. 

The program(s) are specially designed sec- 
tions pf machii5£ codp that perform the 
fpUowing, to name a few;, 
•♦numeric calculation 

• communication with Input/ Output devices 

• organization and manipulation of data 
structures 

• response to expected and unexpected c6n- 
ditions and program interrupts 

• transition of Input/ Output data to/ from 
^^aiSiirife^UsfelefbrMM^'" ^ '*'' " 

• coordination, monitoring, and timing of 
events 

While it may appear that the computer does 
iaafl^-thtogs Sifflftultaneously, the CPU exe- 
cutes just one instruction at a time. Instruc- 
tion times vary depending on the type of 
instruction, and the speed of memory ■w' ljl© 
device. , 
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The CPU reads in data or control signals 

through the input ports and sends data or 
control signals to the outside world through 
the output ports. >! : ? ir 

System input/ output devices may also be 
called peripherals. Many different types of 
peripherals exist: some peripheral devices can 
do limited processing on the data :^^n te 
them by the CPU. 

In a typical microcomputer-based CRT ter- 
minal, the input ports are connected to 
keyboard push buttons while the output 
ports are connected to the hardware that 
generates the characters displayed on the 
CRT screen. 

In addition to reading input characters and 

displaying them on the screen, the CPU may 
also scroll character Unes up the screen and 
perform special functions such as instructing 
the displayed characters to blink or to be 
highlighted. 

In this CRT application, as with others, the 
CPU provides the real intelligence in the 
microcomputer system and relies oniDemoiy- 
and I/O devices for support. 

WHAT ARE DATA, ADDRESS «WO 
CONTROL BUSSES? 

The CPU is physically connected to the 
memory and 1/ O devices by the bus interface 
which is a connection of parallel wires (some- 
times called "lines") that perform a similar 
function. As Figure 1 shows, there are three 
different busses that interface a CPU to other 
system components. They are the data bus, 
the address bus, and the control bus. 

The data bus, as the name implies, is the set 
of wires over which data passes between the 
CPU and the memory and 1/ O. The data can 
either be instructions for the CPU, or infor- 
mation the CPU_is passipg to or from I/O 
ports. 



The CPU uses 'the address bus to select ifie 
desired memory or 1/ O device by providing a 
unique address that corresponds to one of the 
BillPjipi|i@^^^'jJ|Q|@tei»#ntSj p,t|e W^ej^? 

The control bus contains control lines for 
signals to the memory and I/O devices and 
specifies whether data is to go into or out of 
the CPU and exactly when the data is being 
transferred. j 

Frdtln one microcoiriputer to another, the 
number of bus Hnes may vary. A microcom- 
puter is called an "8-bit machine" if there are 
eight lines in the data bus and the CPU 
communicates with memory and I/O using 
8-bit bytes. Likewise, a "16-bit machine" has 
a.(IiTl»|'?pd^«i*teb«Sv . 

Also, the number of address bus lines varies 
from one microcomputer to another. Some 
smaller machines, like the Intel 8088 have 
only 14 lines in the address bus, providing 
unique addressabihty of about 16,000 pieces 
of information. (All the signals emanating 
from a microprocessor are interpreted in 
terms of voltage levels (high or low) on the 
b^'Hnes. The signals on the address bus 
represent a binary number: HIGH voltages 
are I's, LOW voltage are O's. Thus, a 14-Iine 
address bus can specify up to 214 or 16,384 
unique memory addresses). | 

In an 8-bit machine, eafch^^iS^r^s (sometimes 
called "location") can point to an 8-bit quan- 
tity of data or program information. The 
Intel 8080 has 16 lines in the. address bus^ 
providing addressability of ovec 65,000 bytes. 

The Intel 8088, described herein, actually has 
20 lines in its address bus, providing the 
binary addressability _for_oyerl mi llion bytes 
.of information. 
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HOW ARE MACHINE CYCLES, 
INTERRUPTS, AND DIRECT MEMORY 
AtrCESS RELATED? 

Machine Cycles 

As the microcomputer program executes, 
data is transferred to and ffonnnemeii^ and 
I/O devices. Each time the CPU transfers 
data between itself and one of the other parts 
qS the system, we call Ais the -execution of a 
machine cycle (or "bus cycle"). Machine 
cycles include operations like instruction 
fetch, memory read, ■. memory v^ritt-, read 
from an input port, or a write to an output 
port. The timing .of these operations is coor- 
^Miated by the CPU. dbcik signal derived 
from CPU timing sources from an external 
crystal or other frequency source. 

Al the beginning of a Machine cycle, the 
CPU issues a binary code to the address bus 
t& identify the memory location or 1/ O 
device 'to M accfessed? 'Next, the CPU issues 
aSi activity command on the control bus. 
Third, the CPU either receives or transmits 
data over the data bus. 

Following the data transfer, the CPU pre- 
pares to issue the next memory or I/O 
address for the next machine cycle. In this 
roanq^er, the CPU cycles through the pro- 
grammed instructions, performing logical 
arithnietic and 1/ O operations as required. 

Thfe CPU keeps track of the instructiem 

sequence with the program counter register 
containing the binary address of the next 
instruction in memory. 

Normally, the program counter is incre- 
mented after a given instruction is executed. 
The CPU automatically fetches instructions 
from memory, decodes them, and executes 
them in sequence, until the program ends, or, 
until special iiistiuctiQos,tell!ttie:GFHte exfe- 
cute instructi<»mlaartottef/p4StS-of p»ee«a 
memory. 



Certain situations can interrupt the normal 
sequential flow of instruction execution. For 
exampk-, a -waiY state may be imposed is a 
given machine cycle to provide more time for 
a memory or I/O device to communicate 
with the CPU. Wait states are needed when a 
fast microprocessor needs to communicate 
with a slow memory. Here's why: 

Once the CPU addresses memory, it cannot 
proceed until the memory responds. While 
most memories respond faster than required, 
some cannot supply the addressed byte 
within the minimum time established by the 
CPU'ddiek. Therefore, the memory must 
request a wait state when it receives the CPU 
signal that a memory read or write operation 
has commenced. After the memory responds, 
it signals the CPU to leave the wait state and 
continue processing. 

Ahbthet Mt!uafion thaifaiyrs sequential instruc- 
tion execution is an interrupt. Interrupts 
actually improve CPU efficiency. For exam- 
ple, consider a computer that is processing a 
large volume of data, portions of which are 
to be output to a printer. The CPU can out- 
put to the printer in ctae niiachine cycle, but 
the printer may take many machine cycles to 
actually print the characters specified by the 
.data byte. So, the, .CPU must remain idle 
until the printer can accept the next data byte 
from the CPU, or, if an interrupt capability is 
implemented, the CPU can output to the 
printer and then return to other data process- 
ing. When the printer is ready to accept the 
next data byte, it signals the CPU via special 
interrupt control line. When the CPU &n- 
SWers the interrupt it suspends main program 
execution and automatically switches to the 
instructions that output to the printer, after 
which, the CPU continues with main pro- 
gram execiilte:r'«ii)«iwu/pFO^S9Mi . -was 
suspended. 
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Priority interrupt structures are possible 
where several interrupting devices share the 
samd GPU: if tWo or ttfore iBtermiptsr txmr 
simultaneously, the one with the higher prior- 
ity is serviced first. 

-J . . . 

Another feature that improves microproces- 
sor throughput is direct memory access, 
otherwise called DMA. In ordinary input/ 
output operations, the CPU itself supervises 
the entire data transfer as it executes I/O 
instructions to transfer data from the input 
device to the CPU and then from the CPU to 
specified memory location. Similarly, data 
goiag if^OOT memory to an Qvtpu^(|te]t^ceials@ 
goes by way of the CPU. 

Some peripheral devices transfer information 
to /[from memory faster than the CPU can 
accomplish" the translFer under program con- 
trol. In this case, using DMA (direct memory 
access) the CPU allows the peripheral device 
to- hold and contrQl.difi<bus traas^r the data 
directly to /from memory without involving 
the CPU itself. 

When the DMA transfer is done, the peri- 
pheral releases the hold request signal. The 
CPU then resumes ^roc6$sm^^ iiis^tlK$ipm 

where it left off. 

The DMA allows the high speed data 
transffers required iii many of tbdaij^s miiJr^^ 
computer systems with hard disk controllers, 
and CRT terminals, etc. 

WHArS INSIDE THE CPU? 

A typical microprocessor CPU consists of the 
following three functional units: The regis- 
ters, arithmetic/ logic unit (ALU), and control 
^iWTwff^', described-.l?el,ow, , 
Registers provide temporary storage within 
the CPU for status codes, memory addresses. 



pro^mmer during program execution. Dif* 
fereift*^^^6processors have different njim- 
bers and sizes of registers. In general,' 8^11 
microprocessors have 8-bit registers and 16- 
bit microprocessors have 16 bits in each 
register. 

All CPUs contain an arithmetic logic unit, 
oftfen referred to as the ALU. The ALU, as its 
name implies, is the CPU hardware that per- 
forms arithmetic and logical operations on 
binary data. The ALU contains an adder to 
perform binary arithmetic manipulations on 
data obtained from memory, the registers or 
(Other inputs. Some ALU's perform more 
complex arithmetic operations such as mul- 
tiplication and division. ALU's also provide 
other functions including Boolean logic and 
data shifting by one or more bit positions. 
The ALU also contains flag bits that signal 
the result^ p{ arithmetic and logical manipu- 
lations such as sign, zero, carry, and parity 
information. These flag bits frequently de- 
termine where the program will continue 
after fte.ctjrrgnt yistruction is executed. 

The control circuitry coordinates all micro- 
processor activity. Using clock inputs, the 
control circuitry maintains the proper 
sequence of events required for any process- 
ing task. The control circuitry decodes the 
instruction bits and issues control signals to 
units both internal and external to the CPU 
to perform the proper processing action. It is 
the control circuitry that responds to external 
signals, such as interrupt or wait requests. 

As mentioned before, an interrupt request 
will cause the contrcdi circtEitry to tempomril^ 
interrupt the program in process, and direct 
the microcomputer to execute a special inter- 
nipt seTvke pr&ge&m. A^it feqaest causes 
the control circuitry to suspend processing of 
the current instruction until the memory or 
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Addressing Modes 

The address that the CPU provides on the 
address lines selects one specific memory or 
I/O device from all those available. This 
address can be generated in different ways 
depending on the operation being performed. 
For an instruction fetch, the address comes 
from the CPU program counter register. 
While executing an instruction, this address 
can be generated many different ways, called 
addressing modes. 

In the simplest addressing mode, the desired 
data item is contained within the instruction 
being executed. In a more complex address- 
ing mode the instruction contains the mem- 
ory address of the data. Or, the instruction 
may reference a CPU register that contains 
the memory address of the data. 



And finally within some microprocessors, the 
instruction may instruct the control circuitry 
to generate a complex address that is the sum 
of several address components such as multi- 
ple registers plus data contained in the 
instruction itself. 

Generally, the most powerful micropro- 
cessors are the ones with the widest variety 
of addressing modes available to the 
programmer. 

When you put it all together: the microcom- 
puter bus structure, the CPU registers, the 
addressing modes, and the instructions them- 
selves, you have the total microcomputer 
architecture. The many available microcom- 
puters have many different architectures 
from which the system designer has to choose 
in selecting a microcomputer for this 
application. 



S-5 



bjiUiJ.'U,-:.) aSiii 



t 

... -jh^ C,-J-:\ 

fs. , ... i!::'iT:>(j.i:35-, M/n:ioo>»^ >!«AMH3H-:ifi 
^; ■■j'-^fi 

5 . . 
> . . 

ti . ■..■>i;Ei;-;; . y-|..f, aNi .T ;i!iKT 

r;r:ii;. : ;'-fS I'r.i v. A : 
1) 





APPENDIX 



Benchmark Report: 
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Zilog Z80 

Z80 Is a registered trademark of Zilog Corporaiton. 
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INTRODUeriON ' ■ I T 

This benckmfT^ f^Pf^ . comp^K ^^c^^ c^^atnUtiff .^^f 
Intel's iAPX 88/10 microprocessor with those of the 
Zilog Z80. The purpose W^e r^oi-t is to s&d theiser li 
his evaluation of the t*o processors, arid to ppovide hiffi 
with some of the information he will need in making a 
knowledgeable decision regarding which processor best 
iatisfi^ the requirements of his applicatioii. 

Because system requirements can vary greatly from one 
application to the next, no one, program can adequately 
display the capabilities .(of f^pqi^t,^^qT (h|s 
reason, ten programs have been ckosen to demonstrate 

the performance of the iAPX 88/10 and Z80 in several 
areas. The benchmark prograriis cover some of the basic 
tasks which are relevant to many of the applications for 
which these two processors might be considered. These 
ten programs demonstrate the processors capabilities in 
the areas of Data Manipulation, Computation, and 
Processor Control. Each program was defined in such a 
way as to be relatively straightforward, while still allow- 
ing the processors to use their instruction set efficiently 
in implementing the program. 

The benchmark programs were used to evaluate the 
iAPX 88/10 and Z80 on the basis of execution speed, 
ease of programming (number of lines of code) and 
memory usage. These factors were considered because 
they are often the key requirements evaluated when a 
design decision is made. Execution speed is a direct 
measure of how fast a processor will complete a task, 
tliis can be the critical requirement for many real-time 
control or multi-user systems. Here, cost may not be the 
primary issue because a less expensive but slower system 
may be inadequate, regardless of the cost savings. On 
tfeie- other hand, many systems do have critical cost 
ri^iftenents for-which' lt may laslce aensrtoi sacrifice 
semt efiieutioa ^peed in or^^ Tedtiic6< costs, ^For a 
meinoty iiiieiisiv« sfSlxai,^ ibe! cost can: be reduced 
^giiiffl<»atly by miag< less memory, or Jess «q>ensive 
lower speed memory. For this rieason;' coding efficiency 
and memory access time were examined to help evaluate 
price/performance tradeoffs. Another factor, the ease 
of programming, is becoming more and more important 
as the cost of memory decreases and the amount of soft- 
ware in the typical microprocessor application rapidly 
grows. For many applications, software development 
costs have become greater than hardware development 
costs. This means that the total development costs of 
such a project can be substantially reduced by usiiig the 
processor which accomplishes the most in the least 
number of lines of code. To demonstrate performance 
in this area, the processors have been evaluated on the 
basis of the number of lines of code required for each 
program which has been defined as "ease of pro- 
gramming." 

The benchmark programs in this report were written for 
the purpose of comparing the iAPX 88/10 and Z80 
microprocessors. They should be used pnly,a.s a guide in 



evaluating processor performance and are not an abso- 
lute measure of performance for all applications. The 
programs were written to perform the tasks in a clear 
and straightforward manner. They do not necessarily 
show an optimized implementation of the task for either 
processor. The benchmark programs do, however, pro- 
vide relevant information and a consistent comparison 
which may be useful to the designer in choosing the 
microprocessor which delivers itfae-be^rsiiliitieiif to >the 
requirements of his design. 

PROCESSOR DESCRIPTION 

A brief description of some of the key features of the 
iAPX 88 and Z80 is included here and in Table 1 . The 
topics discussed are Architecture, Memory Timing, 
Instruction Sets, and Addressing Modes. For more com- 
plete descriptions, refer to Intel's 8086 Family Users 
Manu^ and Zilog's Z80 Programming Manual or other 
relat^ literature. Throughout this document iAPX 88 
will refer to a 5 MHz system using the 8088 CPU, while 
Z80A and Z80B will refer to 4 MHz and 6 MHz systems 
using the Z80 CPU. 

Intel IAPX 88 

The Intel 8088 (or 88/10) is the host processor of the 
iAPX 88 microcomputer system. The 88/10 is an 
N-channel MOS microprocessor which currently has a 
maximum clock rate of 5 MHz. Internally the 88/10 is a 
microcoded 16-bit processor which multiplexes a 16-bit 
internal data bus onto an 8-bit system data bus for 
external communication. The address space is I 
Megabyte which is segmented to support modular pro- 
gramming. Except for the implementation of the Bus 
Interface Unit, the 88/10 is identical to the Intel 86/10 
microprocessor. ■ ■ 

The architecture of the 88/10 is divided into two 
separate processing units, the Bus Interface Unit (BIU) 
and the Execution Unit (EU). These two units perform 
separate functions in parallel to maximize throughput. 

The EU contains the 16-bit arithmetic/logic unit (ALU) 
as well as the general registers and flags of the CPU. It is 
responsible for executing instructions, and communi- 
cates only with the BIU. The BIU performs all bus 
operations needed by the EU. It contains the segment 
registers, the instruction pointer, the bus control logic 
and the instruction queue. Because the BIU operates in 
parallel with the EU, instruction fetches overlap instruc- 
tion execution. The result is efficient utihzation of the 
system bus and tran^^eat-jnstiuctioot.^efetch. 

The 88/10 contains three sets of four 16-bit registers, 
and nine one-bit flags. The four data group registers, 
AX, BX, CX and DX, as well as the four pointer and in- 
dex registers, SP, BP, SI and DI, are all 16-bits wide and 
can be used as source and destination in most arithmetic 
and logic operations. All eight of these general registers 
function as accumulators for many instructions. The 
data group registers, AX, BX, CX and DX can also be 
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Memory Addressability 


1 megabyte 


64K bytes 


General Registers 






NumbOi aod Size* - : . 


8x 16 or 


7x8 or 




O X o oHU 


1 ailU 




4x16 


3x16 


Coprocessor CofflpAHbUty 


Yes 


No 


Instruction Sizes (bytes) 


• 

1,2,3,4,5,6 


1 ,2,3,4 


Operand Addressing Mo^ 






Register 


Yes 


Yes 


Immediate 


Yes 


Yes 


Direct Address i 


Yes 


Yes 


Register Indirect 


Yes 


Yes 


Indexed or Based 


Yes 


Yes 


Base + Indexed 


Yes 


No 


Base + Displacement 


Yes 


Yes 


Base + Indexed + Displacement 


I es 


iNO 


Auto Increment/Decrement 


Yes 


Yes 


Data TjB^ . ., j. ,v 






BCD Digits 


Yes 


Yes 


ASCII Digits 


Yes 


No 


Bytes 


Yes 


Yes 


Words 


Yes 


Yes 


Unsigned Integers 


Yes 


Yes 


Signed Integers 


Yes 


Yes 


General two Operand 






Opnadons 










■ Yes -: ■ 


Reg with Mem to ' 


!!;.:¥es' 


i:- iYes ' 


. Reg «ath.Mem tciMem 


ifes 


No 


Reg wiUt.Imeti^j^ 


Yes 


Yes 


Mem with Imc4 to Msn 


Yes 


No 


Mcsm: with Mem to^Mem , . 




Yes" 


Interrupts 






NMI 


, Yes 


Yes 


Software Interrupts (ilfj ^ ' ' 


Yes (256) 


Yes (8) 


Maskable Hardwttte 






Interrupts (#) ■ 


Yes (2S8) ' ' 


l^eS'(25e) 


Memory Access Time 


460 ns 


250 ns/ 






140 ns'** 



NOTES: 



•iAPX 88/10: The AX, BX, CX and DX registers can be used as four l«-bit 
registers, or as eight 8-bil registers. With the index and pointer registers, this 
gives eight 16-bit registers, or eight 8-bil and four 16-bit registers. 
Z80: Each.of the BC, DE, and HL registers can be used as two 8-bit registers 
or a single 16-bit register. The A register is an eight bit accuiiiulator. The 
ahenlat^ register set can be used for exchttn^ only 'general iogie 'instrtlc- 

.tioiificareaelsupportMbytiiQabeniaterQIi^Qrs^.: .':"'rff-.: 

^*Fdr JtiijlgiiilitEU^Ions onlyw.' ' ?! . .iu>;;i'>"j' : *■ 

•••250nsr6rtl!e'Z8iW,and'l«)niljir'tli«Z8(B."'- " ''''^^ 

used as eight 8-bit accumulators for byte operations. In 
addition to their general register functions, the pointer 
and index registers also serve as address registers. The SI 
and DI registers function as the source and destination 
indexes for the string operations. The Stack Pointer 
register (SP) is used in stack operations, and the BP 
register ^is a base pointy for stack relative Based 
Addressing modes freqiiaitly ' i^ed Ui Wgjti ' levd 



The iAPX 88 uses a four clock basic bus cycle. The nor- 
mal memory access time is 460 nsec. To use memories 
slower than this, wait states of 200 nsec can be added. 
Using one wait state produces a memory access time of 
660 nsec. Adding one wait state to the iAPX 88 reduces 
the throughput only approximately 10 "/o because wait 
states are partially hidden by the queue. For a non- 
queued machine such as the Z80, the throughput will 
typically be reduced about 20%. 

The iAPX 88/10 instruction set operates on bits, BCD 
digits, ASCII digits, 8-bit bytes, 16-bit words, and 
signed or unsigned integers. Many of the two operand 
instructions allow both operands to reside in registers, 
or one in a register and one in memory. The order of the 
operands is interchangeable, and the location of either 
source operand may serve as the destination for the 
restUti .The a0th|D«^ is^tructi^DS include 8- or l6-hit 
Addt Subtract, Multiply t IHvi4e«ad CotsfKureof sigj^ed 
or unsigned integer values. The iAPX 88 instructions 
are identical to those of the iAPX 86 providing complete 
software compatibility. Although this report considers 
only single processor systems, the iAPX 88 has the 
linique compatibility With the 8087 numeric data proc- 
essor to extend the data types to include 32-bit integers 
as well as short (32-bit), long (64-bit), and extended 
(80-bit) floating point numbers, and decimal numbers 
of up to 18 digits. Adding an 8087 also adds 6S^S^ 
tional instructions and eight 80-bit registers. 

Twenty^four^addressi]^ raed^ Sffe arable to directly 
or indire^ aeeesS'data and operands. These modes 
allow from one to four- component addressing using 
combinations of segment, base, and index registers, 
with optional 8- or 16-bit displacements. The string 
instructions provide auto increment and auto decrement 
addressing, memory to memory operations, and have an 
optional repeat prefix for automatically repeating the 
string instruction without re-fetching the opcode from 
memory. 

Like the iAPX 86,. the iAPX 88 has two modes of opera- 
tion. In the mininium mode, the iAPX 88 supports thg 
hold/hold acknowledge protocol to enable bus conti^ol 
to be transferred to another bus master such as a DMA 
controller. In the maximum mode it supports two re- 
quest/grant lines, each of which can support multiple 
bus masters for multiprocessor designs using the 8087 
Numeric Data Processor and/or the 8089 I/O Processor 
(iAPX 88/20, iAPX 88/21, iAPX 88/11). This mode 
also adds support for multiprocessor configurations and 
Multibiis intoface. , 

The iAPX 88 provides nomnaskable software (internal) 
interrupts and maskable or nonmaskable hardware (ex- 
ternal) interrupts. The interrupt structure supports up to 
256 different interrupt types using an interrupt vector 
table lAbit^ Aieiilbry. ' " " ''" ' 
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Zilog Z80 

The Z80 is an eight bit N-channel MOS microprocessor 
currently available in two versions, the Z80A and Z80B. 
The maximum clock rktes are 4 MHz for the Z80A and 
6 MHz for the Z80B. Both speed selectioBSt^Psed in 
benchmark timing. 

The Z80 registers are grouped into the main, alternate 
and special purpose register sets. The main and alternate 
register sets are .two identical sets of eight-bit. roisters. 
Each set consists of eight registers, one accumulator 
(A), one flag register (F), and six general purpose regis- 
ters: the B, C, D, E, H, and L. For some operations, the 
general purpose registers can be concatenated together 
into sixteen bit register pairs. The user can switch back 
and forth between the main and alternate register sets 
using the exchange instructions, but only one set can be 
active at any one time. One exchange instruction (EX) 
allows the main accumulator and flags to be exchanged 
with the alternate accumulator and flags. The other ex- 
change (EXX) switches all of the general purpose 
registo-s at once. This is helpful for a single context 
switch, but makes it difficult to pass data between the 
main and alternate register sets. 

The Z80 has six special pfirpose registers: DC, lYi 'IP; 
SP, R, and I. The IX and lY are sixteen bit index regis- 
ters which can be added to a displacement to provide 
indexed addressing. The instruction pointer (IP) and 
stack pointer (SP) are also sixteen bit registers. The R 
^^ster is a seven bit counter used for dynamic RAM 
rciifresh. The I raster is a page register which contains 
the upper tight address bits for a Mode 2 interrupt. 

The Z80 supports one nonmaskable interrupt and has 
three modes for maskable interrupts. In Mode 0, the 

Z80 requires the interrupting device to place one instruc- 
tion on the data bus. (This mode is identical to the way 
the 8080 handles interrupts.) Mode 1 performs an 
automatic restart to location 038H. In Mode 2, the in- 
terrupting device places an eight bit address on the bus. 
These eight bits are concatenated with the interrupt page 
register to point to a location in a memory based table 
of interrupt vectors. 

The basic bus timing of the Z80 consists of an opcode 
fetch (Ml), a memory read (M2), and a memory write 
(M3). During the Ml cycle, the CPU first fetches and 
then decodes the instruction opcode. (Because the ZSQ 
does not have a queue there is no overlap of opcode 
fetch and execution.) The Z80 then outputs a memory 
refresh address. If no wait states are used. Ml is four 
clock cycles, while M2 and M3 are each three clock 
^<Aps, The Ml ^rp wait state memory afccess times are 
i#ns and 140 is for t^e iSdX aid' ZiM. these times 
can be increased by adding wait states. Each wait state 
adds one clock per memory reference. This adds 250 ns 
and 165 ns per bus cycle to the Z80A and Z80B to give 
access tunes of 500 ns and 305 ns respectively. 



The instnictioii of the Z80 contains eight major 
groups: Load and Exchange, Arithmetic, Logical, 

Rotate and Shift, Bit Manipulation, I/O, CPU and pro- 
gram control, and Block instructions. The processor 
operates on bits, BCD digits, eight-bit bytes and sixteen- 
bit words. The Block instructions will search or transfer 
a block of memory using the DE and HL registers as 
pointers and the BC register as a counter. 

The Z80 provides seven addressing modes to access data 

operands. It allows the use of eight or sixteen bit im- 
mediate addresses, indexing using the IX or lY with an 
eight bit displacement and register indirect addressing 
using register pairs. 

PERFORMANCE MEASUREMENTS 

The processors were compared in four categories oif per- 
formance meastuemehts. Th^ first two categories 
mbastire the exectitioh speed of the iAPX 88/10 and the 
Z80. The next comparison looks at the ease of use which 
is the number of lines of code in each program. The last 
basis for comparison is manory use or coding effi- 
ciency. 

The first performance measurement tests the processors 
f6r maximum execution speed. This is important for 
many applications where high throughput is a critical 
factor. To measure this, the processors were run at max- 
imum speed with no wait states. The maximum clock 
rates are 5 MHz for the iAPX 88/10, 4 MHz for the 
Z80A and 6 MHz for the Z80B. Table 2 gives the resuhs 
of this measurement for the iAPX 88/10 and the Z80A. 
Table 3 gives the results for the iAPX 88/10 and the 
Z80B."" 

The next measuremoit again examines execution speed, 
but this time memory address access time was also con- 
sidered. While the processors were again run at their 
maximum clock rates, they were also required to be 
compatible with slow memories. The Z80B has a 
memory access time of 140 ns which often requires the 
use of expensive speed selected memories. And there are 
no EPROMs which could be used in this system without 
wait states. Because of this, many Z80B systems will be 
required to run with one, or even two wait states, pro- 
viding memory access times of 305 ns and 470 ns. Many 
systems using the Z80A also require one wait state 
which increases the memory access time fitom 250:ns to 
5(X) ns. The iAPX 88 has a zero wmt state memory acr 
cess timQ of 460 ns. This is rdaxed ^ougfa to allow the 
use of ordinary Qoti^>eed sdected memories including 
most EPROMs. Tables 4 and 5 compare the execution 
speeds of the processors for systems which have the re- 
quirement of a relaxed memory access tim^. The IAPX 
88 is ruii with no wait states because of 'i& 4<iO ns zero 
wiait state timing. The Z80A is measured with olie wait 
state providing a 500 ns memory access time. The Z80B 
is measured for both the one and two wait state cases. 
These measurements give relative performance for 
relaxed memory access time. 
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The next jnethiod of measuring performance, was- tb 
cCNmt t&e number of lings of code in eaeh.^rc^ain. 
Ite^^iir^-tin-^^to'fi^'^spoisstrate tbeip&wsi of the 
iiKUtrel^)^ sett aiBl'(&& ease3trifh>Miefa the programmer 
csm-tepten^ the rta^k .titiaf ! pe^ce^fin/ This tha& 
bewt^defined as "ease of ua;," andJs.bfefeoniliiginoreas' 
ingly important. Both the cost of programmer time and 
the amount of software in a typical application are 
rapidly increasing. This means that a processor which 
can accomplish more with fewer lines of code can 
greatl^^ reduce ■^prp.dfe's, develops 

Table 7/ Js titled "Bytes of Code." It show^ tie number 
of bytes of object code required to encode each pro- 
gram. This coding efficiency is directly translatable into 
system memory requirements, and therefore, into 
system cost. Consequently, coding efficiency is very im- 
portant in cost sensitive applications whjch bav^ a large 
amount of software such as a sdj^^jaq^ed, pBerati^jg,. 
s:f5t^;n ox maiiy user prp^rams.^ , .. , 

Tablss* 1 tlmx^ v asmdn the festtlts'orthe'fbUB cate*' 
gories of performance measurements. The actual times 
and numbers are given for each program along with the 
Relative Performance which is the Z80 tJiae OT nimibf)^ 
divided by the lAPX 88 time or number. For eacli Table' 
the Average Relative Performance was calculated by 
adding the Relative Performance figures and dividing 
by the number of programs (10). An "Adjusted 
Average" Relative Performance was also calculated. 
This average is calculated without using the highest and 
lowest Relative Performance figures from that table. 
This method makes sure that the average is not greatly 
affected by one figure which may differ widely from^e 
others, such as the Computer Graphics Relative Execu- 
tiOii Time in Table 2. • ' -il '■ 

PROGRAIVl DESCRIPTIONS 

The ten benchmark programs were chosen to demon- 
strate the capabilities of the iAPX 88/10 and the Z80 in 
the areas of Data Manipulation, Computation, and 
Processor Control. Aft'J«f^'8«-'eb#« ■J^%i#'^i' 
sembled and run. -J-'*- ^"^i^^'^^ 

1. Computer Graphics 

The Computer Graphics program scales the X and Y 
pairs that make up a graphics display. The 16-bit X and 
Y pairs are offset by constant values (XO and YO), then 
multiplied by a fractional scale factor to obtain the 
scaled XY pairs. There are 16,384 pairs. This program 
demonstrates computational capability. 

2. 16-Bit Multiply 

The 16-Bit Multiply program reads two 16-bit numbers 
from memory, multiplies them and returns the 32-bit 
product and the two multiplicands to megipty.; It, 
demonstrates computational capability. j,; .j^^.. ^.^.^ 



:.fiw ( . I; ■ ■ J 



3. Vector Add 

The 16-Bit Vector Add performs an element-by-element 
add of two twenty element vectors. Vector add demon- 
strates computation and string processing capabilities. 

The Block Move program reads the block length, 
source, and destination from memory. The block length 
was chosen to be 126 bytes. The data is moved fromliife 
source to the destination using repeated moves. Blcidfe 
Move demonsti-ates tnaiiipula^ion of string data. ' ' 

Si piock Ti8nsl»te , . : j\ 

Tbe Block Translate program translates a memory 
bloek containing EBCDIC cKaracters to ASCII and 
stores the ASGII characters in another memory block. 
The translation is done using an EBCDIC to ASCII 
translation table, and the block length is 125 bytes. This 
demonstrates string data manipulation and the use of a 
lookup table. 

6. Character Search 

The Character Search program searches a table of 
known length for a specific character. If that character 
is found, its address is returned. If it is not found, zero 
is returned. This program demonstrates data com- 
parison and auto increment addressing. 

7. Word Shift 

The Word Shift program reads a 16-bit word from 
memory, and shifts it N places to the right. (N is chosen 
to be five.) Zeros rotate in on the left. The result is 
stored in memory, T^s demonstrates iriampiilation to 

16-bit data. , - - - 

--i : i.n U •) : >■ ■0': ■ -.i Irji' :.' ■ , ^ 

8. Reentrant Can 

The Reentrant Call program passes three parameters to 
the called procedure. One is pushed from a general 
register, the other two are pushed from memory. The 
procedure is called, the state of the processor is pushed 
dilto the stack, and local storage is set up. The pro- 
cedure body adds the three parameters and places the 
result in local storage. The procedure is then exited arid 
the state of the processor is restored. 

This program demonstrates the processors call and reen- 
trant procedures and its ability to pass variables to a 
called procedure. Support of these features is essential 
for procedure oriented structured programming. 

9. Bubble Sort 

The Bubble Sort program sorts a one dimensional array 
()f sixteen bit integeir^eleiaents into numerically ascend- 
ing order using tHe exchange (bubble) sort algorithm. 
This program was measured for a ten element array in 
which the integers are; initially in descending order. Bub- 
ble Sort de^igstr^b^ ^,^|pte^ a^dres^^^.iihd d|i^ 
handhng. ' ' ' 

an Or-." 'H-- . I'lT ^-■.i-^-.^!s-, w,,-:-' ' •>■>■,: ■, .< . 

•Wiv ^ ■: ' V ■ .,v .; 
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10. Interrupt Response 

This program accepts an interrupt, pushes all the proc- 
essor registers (except the Stack Pointer) on to the stack, 
and jumps to a service routine. All registers are restored 
before returning from the service routine. This program 
also considers the worst case latency due to finishing the 
longest instruction. This is because when an interrupt 
occurs it must wait to be processed until after the com- 
pletion of the current instruction. The times are mea- 
sured both with and without this latency. (For each 
application where interrupt response is critical, the 
designer should only consider the longest iii^tim^ion hi$ 
^ystem will use.^,, , , 

j h.Sl-NE.O.- 
|)ESULTS ^ 

The benchmark resailts are presented in Tables 2, 3, 4, 5 , 
6, and 7. These tables contain performance measure- 
qients figures in terms of execution speed, ease of use, 
and memory usage. For a description of these cate- 
gories, see the Performance Measurements section. 

Tables 2 and 3 show that the iAPX 88 execute! nine of 
the ten programs tastS^' tfiaii t&e Z8dA, and tUat'tli^ 
lAPX 88 was faster than the Z80B for eight of the ten 
programs. The Computer Graphics program had the 
largest performance differrace. Here the iAFX 88 was 
A ■ ■ ' ■ ■ -.<&>■• ''■su o*l bn~. jr..' 1j f' -.r.'j i'-i rfi ; ^ 



faster than thS-i^S&A and Z80B by relative execution 
time figures of 14.61 and 9.74. The major reason for 
tbii^j^ffieace is the sixteen bit divide instruction of the 
iAPX 88. The sixteen bit multiply instruction of the 
iAPX 88 also gave it a substantial performance advan- 
tage in the Sixteen Bit Multiply benchmark. The Z80B 
(but not the Z80A) was faster for the Block Translate 
program where the alternate register set and the string 
move instruction were used effectively. Both the Z80A 
and Z80B were faster than the iAPX 88 for the Interrupt 
Response benchmark. (The Z80 could have use^ the 
alternate register set for even faster interrupt response, 
but this would not allow multiple level interrupts.) The 
two tiines gyen for each processor show its execution 
time WiM ai^d without latoicy (Me to '^niSliiiig a. 
previous instructidn.' The rdailve'execittioii tkn&f^ures 
for this prbgrafii u^ the aviel:^e':of these: ntefoers. 
Here the Z80 gained a large advantage on instruction 
latency time because it does not have the time consum- 
ing (but powerful) sixteen bit divide and multiply in- 
structions of the iAPX 88. The hardware interrupt 
response time of the Z80 is also faster than that of the 
iAPX 88. 

■ ^TM A>iiti^ Relative Execution Tithes frbk'Tablds 2 
and 3 show that iAPX 88 executed the programs faster 
than the Z80A and Z80B by ratios of 3.78 to 1 and 2.52 
to 1, respective. 



Table 2. Execution Times (IAPX 88 vs ZBOA) 





Absolute Time* 


; u(.ftalative Execution Time 


Benchmark Programs 


iAPX 88/10 (5 MHz) 


Z80A (4 MHz) 


Z80A/IAPX 88 


Computer Graphics 


2.32 


33.9 


14.61 


16-Bit Multiply 


40.8 


354.0 


8.68 


Vector Add 


295.00 ' 


480.0 




Block Move ■ ^-.M 


328.00 


661.0 


2.02 


Block Translate • ■ 


1507.00 


1980.0 


1.31 


Character Seatdi 


136.00 


.320.0 


1.62 


Word Shift, . 


13500 


48.6 


3.60 


Bubble Sort . 


2«ji0O 


4596.0 


1.91 


Reentrant Call 


87.60 


140.0 


1.60 


Interrupt Response** 


107/61.5 


75,.5/.69.7 




Average Relative Execution Time*** 






Adjusted Average Relative Execution Timet ; 


Oi) 'i 


2.79..,,,. ,. 



NOTES: r . -"^ L.. . 

*The times are given in microseconds except for the Computer Graphics benchmark where the tunes are in seconds. 

••The times given for the Interrupt Response benchmark show two times. The first the time inchides the latent due to finishutg the previous instruction. The second 
time does not include this latency. . • . . ^. , 1 1 « , ' 

The Relative Execution Time and the averages use the average of these two times. 
'••The Average Relative Execution Time is the sum of the processor's normalized tims for all programs divided by the number of programs (10). 
tjhe Adjusted Avoage Relative ExeciUion Time is the avera^ of the normalized times, excluding the highest and lowest normalized times. This prevents significant 
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j^iMt^Hioi iinn> " - neiaiive cxecuiion I ime 
Benchmark Progfamii ' ' ^'^ '<liqCWf»W'>*^ Mmmi^tmit Z80B/iAPX 88 



CoiTiputcr Graphics 


2.32 


22.6 


9.74 




I^Rit Miiltinlv 


40.80 


236.0 , , 


5.78 






295 00 ■ u ■ 


,, , 320.0 , 


; , liD8, 






328.00 




1.34 * J 




Block TranM^e'' ■ • ■ ' ■ ' : 


1507.00 ' 




; <r .0.88' 


> , . 


Character Seardi''' ^" ■ " 




146.0 ••' 


1.07 




Word Shift '"''f •■ 


" 13.00 


31.1 y-' 


' ■ 2.39 




Bubble Sort " ;" " 
Reentrant Call . ,^ 


2406.00 


"'• ' 3064.0 s-"-- 


<f.<27''""- 




87.60 ' '' 
lCr7/61.5 ... 


93.3 






Interrupt Response*f 


50.3/46.5 


0.58 




Average Relative Execution Time*** 






2.52 




Adjusted Average Relative Execution Timet 




1.86 



NOTES; 

•The times are given in microseconds except for tiie Computer Graphics benchmark where the times are in seconds. 

•*The times given for the Interrupt Response benchmark show two times. Tiie first the time includes the latency due to finishing the previous instruction. The second 
time does not include this latency. 

'The Aelative Execution Trnie and the averages use the average of these two times. : J : ^no^ 



***The Average Relative Execution Time is the sum of the processor's normalized times for all programs divided by the number of programs (10). 
tThe Adjusted Average Rdative Execatjon Time is .the average of the normalized times, excluding the highest and lowest normalized times. 



Tables 4 and 5 give the results for execution time with 
comparable memory access times. Here, the iAPX 88 
was faster than the Z80A for all ten programs, and 
faster than the Z80B for nine of the ten programs. As 
explained in the Performance Measurements section, 
the Z80A was run with one-Wait state, and the Z80B for 



both the cases of one and two wait states. The Average 
Relative Execution Times in Tables 4 and 5 show that 
the iAPX 88 was faster than the Z80A with one wait 
state (4.77 to 1), the Z80B with one wait state (3.20 to 1) 
and the Z80B with two wait states (3.83 to 1). 



Table 4. Execution Times with Comparable Memory Access Times (IAPX 88 vs Z80A) 





Absolute Time* 


Relative Execution Time 


Benchmark Programs 


IAPX 88/10 ($ MHz) 


Z80A (4 MHz) 


Z80/iAPX 88 


Computer Graphics 


■ '2.32 


42.8 


18.45 


16-Bit Multiply 


40.80 


452.0 


11.08 


Vector Add 


295.00 


598.0 


2.03 


Block Move 


328.00 


829.0 


2.53 


Block Translate 


1507.00 


-2514.0 


1.67 


Character Search 


136.00 


272.0 


■ n'T ■i„ii.,y. ^J&O 


Word Shift 


13.00 


59.0 


■ 4.54 


Bubble Sort " 


2406.00 ~' 


5777.0 


2.40 


Reentrant Call 


87.60 


181.0 


v.:.. 2.06 


Interrupt Response" 


107/61.^.. 


95.7/88.5 


0.90 


Avera^ Relative Execution Time*** 




4.77 


Adjusted Average Rdative Execution Time*** 




... 3 54. 




ml ,iT-. - -- - : r-j-T !■ n-p-- 



NOTES: .-.,..r v.. ..■.„... ..; ^ t ..^ ■ 

■Tunes for the ZW indtWofi inil sUte in-nia»^ 
seconds. 

**See note 2 of Table 2. 

***See Table 3, notes 3 and 4 for description of average caleiilations. 
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Table 5. Execution Times with Comparable Memory Access Times (lAPX 88 vs Z80B) 



Benctimark Programs 


IAPX88(5 MHz) 


^Vbsoluts Tim6* 
Z80B** 


Z80B"* 


Relative Execution Time 
Z80/IAPX 88 
Z80B** Z80B*** 


Computer Graphics 




2.32 


28.5 


34.5 


12.38 


14.87 


16-Bit Multiply 




40.80 


302.0 


361.0 


7.59 


8.84 


Vector Add 




295.00 


399.0 


477.0 


1.35 


1.62 


Block Move 




328.00 


552.0 


659.0 


1.68 


2.01 


Block Translate 




1507.00 


1676.0 


2032.0 


1.11 


1.35 


Character, Se^fyl^^^v. 






181.0 . 


216.0 




,,, . 1.59 


Word Shift- 




13.00 


Wo 


48.0 


-3.02 


3.65 


Bubble Sort 




2406.00 


3851.0 


4638.0 


"vxo 


1.93 


Reentrant Call 




87.60 


120.0 


147.0 


1.38 


1.69 


Interrupt Responset 




107/61.5 


63.8/59.0 


77.3/71.5 


0.60 


0.73 


Average Relative Execution Timett 








3.20 


3.83 


Adjusted Average Relative Execution Timett 






2.38 


2.84 



NOTES: j' 
'The times are given in microseconds except for the Compi|ter Graphics benchmark where^the times are in seconds. 
**These times for the 6 MHz Z80B include one wait state qi^memory accesses. ^ 
***These times for the $ MHz Z80B inchide two waft states go memory accesses, 
j tSee note 2 of Table 2. 

ttsee Table 3, notes 3.fi^ 4 for description of average calculations. 



Table 6 is titled "Ease of Use" and gives the number of 
lines of code required for each program. The Average 
Relative Program Length of 2.51 shows that the Z80 re- 
quired more than twice as many lines of code as the 
iAPX S&to accompli^tbe. same tasks. The sixteen bit 
tnultiply and divide instructions of the lAPX 88 were the 
major factors in the 4.73 and 5.00 Relative Program 
Length figures for the Computer Graphics smd Sixteen 
bit Multiply benchmarks. Soiae other factors which 
helped the iAPX 88 in this ci^^^ aie its flexible ad- 



dressing modes, string instructions and its ease of 
handling sixteen bit data. The Z80 used fewer hnes of 
code for the Block Move and the Character Search 
benchmarks. The LAPX 88 Block Move uses word 
moves. A byte mave algorithrnxould have-been used, 
but with a slight performance degradation (although 
still faster than the Z80). The program would then have 
the same number of lines (and bytes) of code used by the 
Z80 Block Move. 



fable 6. Ene of Programming (IAPX 88 vs ZVSi 



• 1 

Benchmark Program ! | 


Lines of Code 
iAPX 88/10 


Z80 


Relative Program Length 
Z80/iAPX 88 


Computer Graphics 


15 


71 


4.73 


16-Bit Multiply 


4 


20 ^ 


5.00 


Vector Add 


8 


20 


2.50 


Block Move 


7 


4 


0.57 


Block Translate 


10 


13 


1.30 


- Gbafaeter Search 


8 


6 


■ 0.75 


Word Shift 


2 


10 


' 5.00 


Bubble Sort 




30 


1.76 


Reentrant Call 


26 


47 


1.81 


Interrupt Response 








Average Relative Program Length* 






2.51 


Adjusted Average Rdative Program Length* 




2.44 



NOTE: 

*See Table 3, notes 3 and 4 for desci^tiott of average calculations. 
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Table 7 gives the bytes of object code used to encode the 
b^^uii^^-pEQgra!i}$.''I^ Average Relative Code Size 
number &S l^i iSaSES that the Z80 used nearly twice 'ii^' 
mw^' in»mory to Stare'Sts pro^atas as the iAPX"8^'; 



Even though the majority of the Z80 opcodes are 
shorter than iAPX 88 opcodes, the Z80 requires more 
'^ifi^ory mostly because the iAPX 88 used fewer lines of 
codetts^^HMiiiil'able 6. ^icijt'.^ -n" 



Tabl6 7. Memory Utilization (Bytes) OAPX M vs Z80) 



Benchmarl( Programs 


Bytes of Code 

lArA owiO 


i 

"ion 


Relative Code Size 

70nAADV DO 


Computer Graphics , . . 


40 


151 


3.78 


16-Bit Multiply 


14 




2.93 


Vector Add .-■ 


Wrr ■ 't. Ki 






Block Move 


13 


11 


0.73 


Block Translate 


24 


26 


1.08 


Character. Search 


IS 


. 15 _ ^ . 


- .0.83 


Word Shift 


6 


21 


3.50 


Bubble Sort , t i-.M n. 


38 . . ■ 


62 • ' 


1.63 '■ 


Reentrant Call 


48 


.83 . . . 


' ■ 1.73 


Interrupt Response 


15 i v. 




<■■:. i.g7 


Av^i^e Relative Code Size* 






1.97 


Adjusted Average Relative Code Size* 









NOTE: 

*See Table 3, notes 3 and 4 for description of average calculations. 




Graph I. Normalized Average Throughpul 



Graph II- Normalized Average: Program Length and 
Code Size 
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CONCLUSION 

The results of this benchmark study show that the iAPX 
88/10 significantly outpoformed both the Z80A and 
Z80B for the benchmark programs used. Table 8 shows 
that the LAPX 88 is faster than both the Z80A and the 
Z80B, and that the iAPX 88 uses fewer lines of code, 
less memory and cheaper memory than the Z80. 

The iAPX 88 did particularly well in the programs 
which were word oriented. It was also efficient to pro- 
gram due to the powerful instruction set and flexible ad- 
dressing modes. Both processors do have useful string 
instructions and a loop instruction with an automatic 
counter. The Z80 has faster interrupt response, but was 
slower and less efficient than the IAPX 88 for nearly all 
other benchmarks. 

In view of these results, it s^pears that the iAPX 88 is a 
better choice for applications where high throughput, 
low devdopment cost and low memory cost are impor- 
tant considerations. 



Table 8, Performance Breakdown 



Performance Category 


Performance Ratio of 
iAPX88toZ80 


Execution Speed (Z80A) 
Execution Speed (Z80B) 

Execution Speed {Z80A)* 
Execution Speed (Z80B)** 
Execution Speed (Z80B)*** 
Ease of Programming 

Coding Efficiency 


iAPX 88/10 is 3.79X faster 
iAPX 88/10 is 2.52X faster 

iAPX 88/10 is 4.77X faster 
iAPX 88/10 is 3.20X faster 
iAPX 88/10 is 3.83X faster 
iAPX 88/10 is 2.51X more 

efficient 
iAPX 88/10 is 1.97X more 

efficient 



NOTES: 



*iAPX 88 vs Z80A with comparable memory (Z80A with 1 wait slate). 
**tAPX 88 vs Z80B with comparable memoiy (Z80B with 1 wait state). 
***iAPX 88 vs Z80B with corapaiable memorjr (Z80B with 2 watt states). 
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P2:P1cM1 X M2 



Figure 1. 16-Bit Multlpiy Flowchart 
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BENCHMARK: 16-Bit Multiply Xfu.U 

PROCESSOR: I r0:p^AfjW<f A OMA 3000 RfiAfiDOfiq >ifiA?ifiH0VI3a 



Bytes Cycles 

3 18 MOV 

4 137 MUL 

3 19 r 

4 19 I MOV 



REGISTER USAGE: 
AX- ACCUMULATOR 
DX- ACCUMULATOR 



AX, Ml 

RJ,,.AX_ 
P i , DX 



;Read operand 
;A*B 

;5±.ac£.-LSB , 

; Store MSB j 



14 bytes of code 
4 1 i nes of., code 

. ! , 



""1 
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BENCHMARK: T6-B1t Multiply 
PROCESSOR: Z80 



Bytes 



4 
4 
I 
3 
1 
1 
t 
1 
3 

1 
1 
1 
i 
1 
i 
1 
1 
3 
4 
3 



Cycles 



20 
7 
10 
11 
4 

7/12 
1 1 
10 
11 
6 
4 

7/lZ 
11 
7/12 
6 
4 
10 
20 
16 



LP; 



MPl : 



MP2; 



MP3: 



Register 





; A 




; DE - 




; BC - 




5 i " JJs,ir 




. 

f — " 


LD 


n r / M -1 \ 

DE;, (Ml ) 


LD 


BC , {M2 ) 


LD 


A , 1 6 


LD 


HL , 


ADD 


HL , HL 


EX 


HL.DE 


JR 


C.MPl 


ADD 


HL , HL 


JP 




ADD 


HL.HL •■ 


INC 


HL 


EX 


HL.DE 


JR 


NC,MP3 : 


ADD 


HL.BC 7 


JR 


NCi.MP'S- ■ 


INC 


DE" 


DEC 


A 


JP 


NZ.LP 


LD 


(PRMSB) ,DE 


LD 


(PRLSB) HL 


41 bytes 


of code 


20 lines 


of code 



usage 
Count 
M u 1 1 i p 1 i e 
Mu 1 1 i pi i cand 
Product LSB 



— 1 



— I 



Product MSB 



Load multiplier 

Load multiplicand 

Load count i 

Clear HL ' 

Shift product LSB left 

Exchange MSB with LSB 

Jump if carry from LSB 

No carry. Shift multiplier left. 

Carry. Shift multiplier left. 
Increment tnultltpller 

Jump If no carry from multiplier 

Add multiplicand to product LSB 

Jump if no carry 

Increment MSB due to Add carry 

Decrement count! 

Loop if not zero 

Store product , 



82 J Joijh 



INITIALIZE 
TRANSLATE, EBCDIC 
1 AND ASCli TABLE 

POINTERS 



INITIALIZE COUNT 



READ EBCDIC 
CHARACTER 



TRANSLATE TO 
ASCII 



STORE IN 
ASCn BUFFeI) 




UPDATE POINTERS 
AND COUNTER 




J 

(• ; 



Flgom Z. Ble^ Translat* Flowehart 



ISP 
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BENCHMARK: 
PROCESSOR: 



Block Translate 
Intel lAPX 88 



REGISTER USAGE . - • 

AL - ACCUMULATOR 
BX - TRANSLATE TABLE POINTER 
CX - COUNT 

SI - EBCBUF POINTER ■ ' 
DI - ASCIBUF POINTER 



Bytes Cycles 



4 
4 

4 
4 

1- 

1 

1 

Z 
d 



i ^ .'.8- . ■ , 
HO 

8 

18 : ti.;: 

Z ■ ■ 

NEXT: 

3 

19/5 



LEA 
LEA 
LEA 
•^MOV 

CLDs" - 

; XLATV 

cur • ^ 
LOOPNE 



BX, TABLE 
SI. EBCBUF 
DI, ASCIBUF 
CX.'CeUNT . 



EBCBUF 

TABLE 

ASCIBUF 

AL.EOL 

NEXT 



;Initialize Table Pointer 
;Initialize EBCDIC Pointer 
;Initialize ASCII Pointer 
; Initialize COUNT 
aCleaf" direction flag 

;Read EBCDI C- character 
;Translate to ASCII 
;Store' transl ated byte 
;Compare with terminator 
; Loop unless AL*EOL or CX =0 



i;4 bytes of code 
10 1 i nes of code 
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BENCHMARK: Block Translate 
PROCESSOR: Z80 



Register usage ; ::\^■ m .jj^,; ; 

A - Accumu.l.atar > _ 

BC - Count . y:1 

DE - ASCII Buffer . - 

DE' - EBCDIC Buffer 

HL - Accumulator , 

SP - Translate table pointer 



Bytes 


Cyc 1 es 






3 


10 


LD 


DE ' .EBCBUF 


. 1 


4 


EXX 




.3- 


10 


LD 


BC, COUNT,. ;:, 


3 


10 


LD 


DE, ASCrB(JF /3 


3 


10 


LD 


SP, XTBL 


1 -J 


4 LP: 


EXX 






7 


LDD ' 


A,(DE') 3j:^"f 


1 3< 




' EXX 








^ L,D . , , : 


H,0 .ii": ]l 


x3 -.0 






L , A r ' yi 


1 


11 


ADO 


HL.SP 




16 


LDI 


(DE).(Hii),> - 


3 


10 


JP 


PO.LD 9t,,.o ,0 



Load EBCDIC pointer 

Store pointer in DE' js 

COUNT = 12:5 

Load, ASCII pointer 

Load translate table pointer 

Restore EBCDIC pointer, 
Load EBCDIC character 
Re,s$Dre pointer^i ; 
Cle«f,. H f ^ 

l<9?slj character into A 
Address of ASCII character 
Move' ASCII character 
)JM>np.:,if not done 



'^b bytes of code 
13 lines of code 



APPENDIX 
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HKUUtbbUK: lAPX 88 



Bytes 



Cycl es 



REGISTER USAGE: ! 
AX - ACCUMULATOR 

BL - EXCHANGE- FLAG (OFF=TRUE, 0= FALSE) 
CX - COUNT OF ELEME-*ITS i 

DX - ACCUMULATOR j 

SI - INDEX OF ARRi^* , ! 



c 




r 1 U| V 


3 


s 

4 Al : 


CMP 


i. 


4/10 


IMC 


•J 


Q 
O 


Y n D 
AUK 


A 


1 A 

i 4 


MU V 


1 


'J 

c 


u t L 




3 , 


XOR 


3 


17 k-I: 


MOv 


3 


18 ' 


CMP 




4/16 ] 


JLE 


3 


Z6 1 


XCHG 


3 


18 ; 


MOV 


Z 


4 


MOV 


1 


Z A3 : 


INC 


1 


/ 


INC 




5/17 


LOOP 




15 


JMP 



BL.OFFH " 

BL,OFFH ■■ 
A4 

BL,BL 
CX, COUNT 
CX 

SI , SI 



AX.ARRAYtSI] 
AX, ARRAY[SI + /] 
A3 

array;[si+^] ^AX 

ARRAY[SI];ipiX: 
BL.OFFH 



SI 
SI 
Ai; 
Al 




38 bytes of code 
1 7 - 1 i-n-e s- of cod e - 



;EXCilANGE = tRUE 

•>exchange = true ? 
; no, finished 

;EXCHANGE=FALSE 
;CX=C0UNT=1 

;Si,io 

;ARRAY( I) 

; ARRAY(I+1) ? 

;N0 

;EXCHANGE ELEMENTS 

;EXCHANGE=TRUE 

;SI=SI+^ 

;DEC CX & l^OOP IF CX = 
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BENCHMARK: 
PROCESSOR; 



Bubble Sort 
Z80 



Bytes 



■■■sv-b"'-t 



REGISTER USAGE: 

BC - ACCUMULATOR 

DE - ACCUMULATOR 

HL - COUNT 

HL - ACCUMULATOR 

. IX - ARRAY POINTER 

DE - TEMPORARY STORAGE 



Cycl es 





8 


SET, 


FLAG, A 


4 


t?- ■ " 




IX.PTR 


3 




LD 


DE, 1 




8 LI:- 


BITr 


FLAG, A 


. d 






,Z,.D;0NE 


t 






>iR,iiAG,A 


3 


10 




HL, COUNT 


1 


4 L2: 


EXX 




3 


19 i,.vni, :K;);9 4Jli i •■ 


C , ( IX+0 ) 


3 


19 


LD 


B, (IX+1 ) 


3 


19 


LD 


L, (IX+^) 


3 


19 


LD 


H, (IX+3) 


1 


4 


LD 


E,L 


. 1 


4 , : , ' 


, LD 


D,H 


; 1 


. ii4fi-:i;..:-ri '':>iee.AtM) - 


A, A 


1 


11 


SBC 


HL.BC 






JR 


NC, NOEX 




19 


LD 


(IX+^)C 






LD 


(IX+^)B 


3 


19 


LD 


(IX+0)E 


3 


19 - 




H'X*1)D 


i 


8 


SET 


FLAG, A 


1 


4 NOEX: 


EXX 


1 


6 


INC 


IX 


1 


6 


INC 


IX 


t 


8 


AND 


A, A 


1 


11 


SBC 


HL' ,DE' 




7/12 


JR 


NZ.Li? 


3 


10 


JP 


LI 



DONE: 



;Set FLAG bit 

;Load pointer to array 

;Load decrement constant 

;Test FLAG 
jDone if zero 
:Reset FLAG 
;Load COUNT 



;Load data (I) 

;Load data ( I+l ) 

;Save date in DE 

;Clear carry flag 
;Compare data 

;No ex if data(I) data{I+l ) 
; Exchange 



;Set exchange flag 

; Increment Pointer 

;Clear carry flag 
;Decrement COUNT 
;Jump if COUNT not zero 
;Another pass 



^'i bytes of code 
30 lines of code 



tft 
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INTRODUCTION 

This benchmark report compares the capabilities of 
Intel's iAPX 88/10 microprocessor with those of the 
Motorola MC6809. The purpose of the report is to aid 
the user in his evaluation of the two processors, and to 
provide him with some of the information he will need 
in making a knowledgeable decision regarding which 
processor best satisfies the requirements of his applica- 
tion. 

Because the requirements can vary so greatly from one 
system to the next, no one program can adequately 
display the capabihties of each processor. For this 
reason, ten programs have been chosen to demonstrate 
the performance of the iAPX 88/10 and MC6809 in 
several areas. The benchmark programs cover some of 
the basic tasks which are relevant to many of the ap- 
plications for which these two processors might be con- 
sidered. These ten programs demonstrate the proces- 
sors' capabilities in the areas of data mani^iUation, 
computation, and processor cotttrol.'Bacli pjr(i^^^\iras 
4sflBeri in-sufih A- W*y SS.*©. be relatively straight- 
forward, while still allowing, the processors to use their 
instruction set efficiently in implementing the program. 

The benchmark programs were used to evaluate the 
iAPX 88/10 and MC6809 on the basis of execution 
speed, memory usage, and ease of programming (num- 
"ber of lines of code). These factors were considered 
because they are often the key requirements evaluated 
when a design decision is made. Execution speed is a 
direct measure of how fast a processor will complete a 
task. This can be the critical requirement for many real- 
time control or multi-ifser systems. Here, cost may not 
be'th6 primary issue because a less expenMve but slower 
system may be inadequate, regardless of the cost sav- 
ings. On the other hand, many systems do have critical 
cost requirements for which it may make sense to sacri- 
fice some execution speed in order to reduce costs. For a 
memory intensive system, the cost can be reduced signi- 
ficantly by using less memory, or cheaper, lower speed 
memory. For this reason, coding efficiency and memory 
access time were examined to help evaluate price/ 
performance tradeoffs. Another factor, the ease of pro- 
gramming, is becoming more and more important as the 
cost of memory decreases and the size of the typical 
microcomputer application rapidly grows. For many 
applications, software development costs have become 
greater than hardware development costs. This means 
that the total development costs of such a project can be 
substantially reduced by using the processor which ac- 
complishes the most in the least number of Unes of code. 
To demonstrate performance iti this ai'ea, the processors 
have also been evaluated on the basis of the numbe)'' of 
lihes of code required for each program tj^dl fi^lieen 
defined as "ease of programming." ' f''''"^''' ^ 

The benchmark jsfograiBS in this report were written for 
j(he^pi»-poseofie9«^H|n4gj^QiiM>X MC«^ 



evaluating processor performance and are not an ab- 
solute measure of performance for all applications. The 
programs were written to perform the tasks in a clear 
and straightforward manner. They do not necessarily 
show an opti^^i^^.^B^pl^Q^tation of tbg task. Tite 
benchmark programs do, however, provide relevant in- 
formation and a consistent comparison which may be 
useful to the designer in choosing the microprocesso)- 
which delivers the best solution to the requirements of 
his design. 

PROCESSOR DESCRIPTION 

A brief description of some of the key featiu-es of the 
iAPX 88 and MC6809 is included here and in Table 1. 



Table 1. Arehltectural Features 



Featuie , 


IAPX 88/10 


MC6809 


^^<>niAi*<tr AitHMMBahtlMv 


1 megabyte 


Of Dytes 


General Registers 






Number 


8 or 8 + 4* 


2 or 1 ** 




10 or o,io 


8 or 16** 


Instruction Sizes (bytes) 


1,2,3,4,5,6 


1,2,3,4,5 


Operand Addressing Modes 






Register 


Yes 


Yes 


Immediate 


Yes 


Yes 


Direct Address 


Yes 


Yes 


Register Indirect 


Yes 


Yes 


Indexed or Based 


Yes 


Yes 


Base + Indexed 


Yes 


No 


Base + Displacement 


Yes 


No 


Index + Displacement 


Yes 


Yes 


Base + Indexed + Displacement 


Yes 


No 


Indexed Indirect 


No 


Yes 


Auto Increment/Decrement 


Yes 


Yes 


Data Types 






BCD Digits 


Yes 


Yes 


ASCII Digits 


Yes 


No 


Bytes 


Yes 


Yes 


Words 


Yes 


Yes 


Unsigned Integers 


Yes 


Yes 


Signed Integers 


Yes 


Yes 


General Doable Operand 






Operations 






Reg with Reg to '< - 


. - ..Yes-'.'-^. 


No 


Reg with Mem to - 


Yes 


Yes 


Reg with Mem to Mem 


Yes 


No 


Reg with Imed to Reg 


Yes 


Yes 


Mem wi^jy^ed tp ^^ 


Yes 


No 


Mem wilij.M^.'tot Mqa . . 


Yes 


No 


Internipts : 






NMI 


Yes 


Yes 


Software Interrupts (#) 


Yes (256) 


Yes (3) 


Fast External Interrupts (#) 


No 


Yes(l) 


Multi- Vectored Interrupts (#) 


Yes (256) 


No 



*The AX, BX, CX and DX registers can be used as four J6-bit registers, or ^ 
e«ht'8-t^ re^i^. Wilb'fbei|i4(BtaiidpomW.re^sters/il^gira 
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The topics discussed are Architecture, Memory Timing, 
Instruction Sets, and Addressing Modes. For more com- 
plete descriptions, refer to Intel's 8086 Family Users' 
Manual and Motorola's MC6809 Preliminary PrbgraiB- 
ming Manual or other related literature. 

The Intel 8088 (or 88/10) is the host processor of the 
iAPX 88 microcomputer system. The 88/10 is an 
N-channel MOS microprocessor which currently has a 
maximum clock rate of 5 MHz. Internally the 88/10 is a 
microcoded 16-bit processor which multiplexes a 16-bit 
internal data bus onto an 8-bit system data bus for ex- 
ternal communication. The address space is one mega- 
byte which is segmented to support modular programm- 
ing. Except for the implementation of the Bus Interface 
Unit the 88/10 is identical to the Intel 86/10 
•iMcroprocessor; ' iuj-.- i' ' 

The architecture of the 88/10 is divided into two 
separate processing units, the Bus Interface Unit (BlU) 
and the Execution Unit (EU). These two units perform 
separate functions in parallel to maximize throughput. 

The EU contains the 16-bit arithmetic/logjc unit (ALU) 
as well as the general registers and flags of the CPU! It is 
responsible for executing instructions, and communi- 
cates only with the BlU. The BlU performs all bus 
operations needed by the EU. It contains the segment 
registers, the instruction pointer, the bus control logic 
and the instruction queue. Because the BlU operates in 
parallel with the EU, instruction fetches overlap instruc- 
tion execution. The result is efficient utilization of the 
system bus and tr^spa?ent instruction prefetch. 

The 88/10 contains three sets of four 16-bit registers, 
and nine one-bit flags. The four data group registers, 
AX, BX, CX and DX, as well as the four pointer and in- 
dex registers, SP, BP, SI and Dl, are all 16-bits wide and 
can be used as source and destination in most arithmetic 
and logic operations. All eight of these general registers 
function as accumulators for many instructions. The 
data group registers, AX, BX, CX and DX can also be 
used as eight 8-bit accumulators for byte operations. 
The pointer and index registers also serve as address 
registers in addition to their general register functions. 
The SI and Dl registers function as the source and 
destination pointers for the string operations. The Stack 
Pointer register (SP) is used in stack operations, and the 
BP register is a basfe pointer for Sf kck i'^tiV^ Bftseid' Ad- 
dressing modes frequently used in high level language 
programming. The foiur 16-bit segment registers, CS, 
DS, SS and ES, provide memory segnientation expand- 
ing the address space to one megabyte. 

The iAPX 88 uses a four-clock basic bus cycle. The nor- 
mal memory access time is 460 nsec. 1'o..i}|e memories 
slower than this, wait states of 20b. nsec be added. 
I3sm& onei,w«t<iMi?PiO(^Qe$ aiQ^n^ a(^$,^e of 
660 nsec. • ,- 



The iAPX 88/10 instruction set operates on bits, BCD 
digits, ASCII digits, 8-bit bytes, 16-bit words, and 
signed or unsigned integers. Many of the two operand 
instructions allow both operands to reside in registers, 
or one in a register and oiie in memory. The order of the 
operands is interchangeable, aild the location of either 
source operand may serve as the destination for the 
result. The arithmetic instructions include 8- or 16-bit 
Add, Subtract, Multiply, Divide and Compare of signed 
or unsigned integer values. The iAPX 88 instructions 
are identical to those of the iAPX'86 prolnding complete 
software compatibility. 

Twenty-four addressing modes are available to directly 
or indirectly access data and operands. These modes 
allow from one to four component addressing using 
combinations of segment, base, and index registers, 
and/or 8- or 16-bit displacements. The string instruc- 
tions provide auto increment and auto decrement ad- 
dressing, memory to memory operations, and have an 
optional repeat prefix. 

The iAPX 88 in the minUnita mode supports the hold/ 
hold acknowledge pratdfebl to enable bus control to Ife 
transferred td another bus master such as a DMA con- 
troller. It can also be configured in the maximum mode 
with two request/grant lines, each of which can support 
multiple bus masters for coprocessor designs using the 
8087 Numeric Data Processor and/or the 8089 I/O 
Processor (iAPX 88/20, iAPX 88/21, iAPX 88/11). 
Even though not considered on these benchmarks, the 
8087 (iAPX 88/20) uniquely enhances the iAPX 88/10 
(86/10) capabilities with 68 additional instructions, in- 
cluding 64-bit floating point and transcendental funp- 
tions, eight 80-bit stack oriented regj?tW?,*a«ltS?fi'im.a;4j- 
ditional numeric data types. 

The iAPX 88 provides nonmaskable software (internal) 
interrupts and maskable or nonmaskable hardware (ex- 
ternal) interrupts. The interrupt structure supports up to 
256 different interrupt types using an interrupt vector 
table located in memory. For more information regard- 
ing into-rupts see your local Intel office. 



MC6809 

The Motorola MC6809 is an N-channel random logic 
MOS microprocessor which is available at 1 .0 MHz, 1 .5 
MHz or 2.0 MHz clock rates. The MC6809 can address 
up to 64 kbytes of memory. The A and B registers are 
two 8-bit accumulators which may be concatenated into 
a single 16-bit accumulator, the D register. There are 
four pointer registers: X, Y, U and S. All are 16-bits 
wide and function primarily as base registers for 
memory addressing. The U and S registers are also used 
for maniptilating the hardware and user stacks. The 
16-bit program counter (PC) points to the address of the 
next instruction, and can also be operated on for control 
transfer. The 8-bit Direct Page Raster (DPR) is used to 
liaomM ^i^i^^itij^t iildrM'bi^'fdr-«i»ji{e lE^dfessiffig 
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cottdMon Code Resat^iiC^SR), - vT ' i'mr- ' •, n 

The basic bus cycle is a single, 500 nsec 

clock cycle for the 2.0 MHz version. The normal 
iiiemory access time is 320 nsec. To accommodate 
slower memories, 125 nsec wait states can be added. Ad- 
ding one wait state extends the memory access time t?) 
445 nsec. 

Ahhough the instruction set of the MC6809 operates 
predominantly on 8-bit data, there are a few bit opera- 
tions, two BCD adjusts, and eight instructions with 
16-bit operands. Most two operand instructions require 
one operand to be in a register, and the other operand to 
reside in memory, with the result going to the register. 
Two operand instructions such as Add or Compare can- 
not be done from register to register. The exceptions to 
this are the Multiply, Transfer Exchange, and Sign Ex- 
tend instructions, for which both source operands and 
the destination opei-and must be in registers. The arith- 
inetic ihstrnCtfbiis ihcl'ullfe'8-M'unsigiieillnteger Multip- 
ly arid 8- or 1'6-bit Add, Subtract and Compare. Other 
16-bit instructions include Load, Store, Exchange, 
Transfer, and Sign Extend. 

For stack manipulation, a single Push or Pull instruc- 
tion allows any combination of registers to be placed on 
or removed from either of the two stacks. There are also 
19 branch instruction's, in long (16-bit offset) or short 
(8-bit offset) forms. 

The MC6809 supports 13 different addressing modes. 
Included in these modes are 5 forms of indexed address- 
ing, including indexed Auto Increment s^d Auto Decre- 
jnent modes which are useful for iStein^; operations. 
^pfeiti«e..^idclr«!ssng for Br^cji instgji^<j!iS;^j^;^ij>r 
two-byte offsetsras a>p^ifter to a dat^locKtioni . >,--<' 

The MC6809 provides maskable and nonmaskable 
hardware interrupts, as well as three software inter- 
rupts. There are two maskable hardware interrupts, 
FIRQ and IRQ. The FIRQ (Fast Interrupt Request) 
pushes only the Condition Code and Program Counter 
registers. The IRQ automatically pushes all of the 
MC6809 registers (except the SP) onto the stack. Each 
MC6809 interrupt has a fixed vector address, fetching 
its service routine address from a predefined memory 
location. For more information regarding hardware and 
softwai(«4nterrupts see your'local Intel officer. O.^T'' 

PROGRAM DESCRIPTIONS 

The ten benchmark programs were chosen to demon- 
strate the capabilities of the iAPX 88/10 and the 
MC6809 in the areas of data manipulation, computa- 
tion, and processor control. The basic algorithms for 
several of the programs (Block Move, Character Search, 
Word Shift, Vector Add, and 16-Bit Multiply) are 
similar to the algorithms of benchmark programs in. 
Motorola's MC6S09 Brelimi&ar^ • Pro^amiDiiig - : 
Manual. All iAFX'SS codebas been^aHatlbljid!ag^l<lnia.' 



£Qmpntcr'Gnqilik^L''ii • .■ ."ti-j? mE-!;;-i(:i ?irtl 
The Cdffltftitef Graphics program scal*the'X aitd 'Y 
pairs that make up a graphics display. The 16-bit X and 
\ pairs are offset by constant values (XO and YO), then 
multiplied by a fractional scale factor to obtain the 
scaled XY pairs. There are 16,384 pairs. This program 
demonstrates 46-bit computdti^hkl c^j^Qify. ' 

2. 16-Bit Multiply 

The 16-Bit Multiply program reads two 16-bit numbers 
from memory, multiplies them and returns the 32-bit 
product and the two multiplicands to memory. Multiply 
demonstratiSStl6«W ookt^utational' capability. 

3. Vector Add 

The 16-Bit Vector Add performs an element -by-element 
add of two twenty-element vectors. Vector add demon- 
strates 16-bit computation and^string^processing capa- 

4. Block Move 

The Block Move program reads the block length, 
source, and destination from memory. The block length 
was chosen to be 126 bytes. The data is moved from the 
source to the destination using word moves. Block 
Move demonstrates data manipulation and auto incre- 
ment addr(^$uig. 

5. Block Translate 

The Block Translate program translates a memory 
block containing EBCDIC characters to ASCII and 
stores the ASCII characters in another memory block. 
The translation is done using an EBCDIC to ASCII 
translation table, and the block length is 125 bytes. This 
demonstrates data manipulation, auto inSrinfi^ lftd- 
dressmg, and the use of a Ipo^^^tji^;, j„. , 

6. Character Search ' •" ''^ ■ '^^i' 
The Character Search program seardies a table of 
known length for a specific character. If that character 

°.»i»ifiouodi .ibS 'ad(teeg&^ returned. If it is not foimd, zero 
, fe.j^med. This program demonstrates data coin- 
paris^on. and auto increment addressing. { 

7. Word Shift 

The Word Shift program reads a 16-bh word from 
memory, and shifts it N places to the right. (N is chosen 
to be five.) Zeros rotate in on the left. The result is 
stored in memory. This demonstrates manipulation of 
16-biit'ila^.;:' 

8. Reentrant Call 

The Reentrant Call program passes three parameters to 
the (ailed 'j^ocedure. Onmito pushed from a general 
register, the other two are pushed from memory. The 
procedure is called, the state of the processor is pushed 
onto the .s^k, and local, stor^e is set up. The prq- 
cedute bo-dy acids jfie3ir^'^imk|fs'_^d plaods 
r:':iesult< invloci^ sto»agev;Tlie3proeeduEeiis:i£taea9^tied;and 
. .. the'st^ef the'piocessop!&irastoied.-"ji' - = .l -- > r ■ 
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for structured progranuning. 

9. Interrupt Response 

I. Single- Vectored Interrupt 

The Single- Vectored Interrupt pushes all the processor 
registers (except the Stack Pointer) onto the stack, and 
jumps to a service routine. All registers are restored 
before returning. The time also includes the length of 
.time the . processor reqwes to execute the longest 
instruction "brforerfeeogiJKtog.ttetolsriiu^^^ • 

II. Multi- Vectored Interrupt 

The Multi- Vectored Interrupt stacks only the Instruc- 
tion Pointer/Program Counter and Flags/ConditiiAi 
(ibde registers. The processor liiust determine which of 
eight possible devices initiated the interrupt request, and 
jump to the corresponding service routine. The return 
time is also included. 

RESULTS 

The results of this study are presented in terms of execu- 
tion speed, memory usage, and ease of programming. 
To be relevant to applications where speed is the crucial 
factor, the processors are first compared at their highest 
performance, with no wait states. Then for the cases 
where memory cost is an issue, comparisons are made 
for execution speed with (nearly) equal memory access 
times, and for coding efficiency. The processors are also 
compared on the ease of programming (number of lines 
of code^;Whictt cajpi be an iii^)ortant f^or. in the 
dev^oimmt'C08ts-of -^project. — 

The zero wait state execution speed of the iAPX 88/10 is 
compared to that of the MC6809 in Table 2. For each 
program, the execution time is giV^' in tefttis '6'f Ab- 



solute Time of the iAPX 88/10 for that benchmark. The 
Average Normalized Time was computed by adding the 
Normalized Times and dividing by the total number of 
benchmarks (10). The Adjusted Average Normalized 
Time is calculated in the same manner as the Average 
Normalized Time, except that the highest and the lowest 
numbers were eliminated from this average. This was 
done because the AverSge Normalized Time was greatly 
'affected by the CcM9ula'''Gra{^cs beiichmark. This 
iii^bld is'tseS' Whfeh- eSHipflting averagte for other 

efefeji^Bs as well. 

■ ■■ 

The execution speed comparison made in Table 2 shows 
that the iAPX 88/10 performed faster for eight of the 
ten benchmarks. The MC6809's Average Normalized 
Time of 3.65 says that it required 265% more time than 
the iAPX 88/10. The Adjusted Average Normalized 
Time (1.86), which eliminated the Computer Graphics 
and Single- Vectored Interrupt benchmarks, shows that 
the MC6809 is 86% slower, or requires 86% more time, 
than the iAPX 88/10 to complete these benchmarks. 

For,applications where the cost of meinory is a critical 
factor, both the speed of memory, and the amot^it of 
memory must be considered. By speed of memory, we 
are referring, to the memory access time, which is a ma- 
jor factor in the price of memory. Beca,use thegmqnojy 
access time of the iAPX 88 is 460 nsec with no wait 
states^ one wait state is added to th6 MC6809. This gives 
a 445 nsec memory access time, which iS still less than 
the 460 nsec zero wait state time of the iAPX 88. A com- 
parison of the execution speeds of the two processors 
for this case is made in Table 3 (Execution Times With 
"Equal" Memory Access Times), showing that the 
|i\px 88/10 was again fastor thaathe MC6S09 for ei|^t 



Table 2. Execution Times (5 MHz 88/10 vs 2 MHz 6809) 







Absolute Time> , 


..fit Jj ■ iNorfl|wW»^ T'"™* . 


Benchmark Programs 


iAPX 88/10 


MC6809 




MC6809 


Computer Graphics 


2.32 sec 


49,7 sec.. _ , 


. .. . 


,y, '2\.4a, 


16-Bit Multiply 


40.8 


us ' 


^.OUS ; ' 




2.01 


Vector Add 


295.0 


us 


325.0 us 


1 


1.10 


Block Move 


328.0 


us ' 


674.0 us 


1 


2.05 


Block Translate 


1507.0 


us 


2687.0 us 


I 


1.78 


Character Search 


136.0 


us 


284.0 us 


1 


2.09 


Word Shift 


13.0 


us ' .B 


44.5 us 


k . 


-..342 


, Rgentrant Cftil ; 'If , N 




.11* r 


76.S.US; , 




,•>■ . ' P-87 . . 


' . 1 " Single* VectArod latenlipt 


102.6- 




-'.;r 3^,S .1)S 


-t.- \, ■ - 


■ 0#7 


Multi- Vectored Interrupt 


2416 


US 


:.o* 45.5 iis-j'v . 




1.85 


Average Normalized Execution Time* 








1 


3.69 


Adjusted Average Normalized Execution Time** 






1 


1.90 



''^Tbe Average.' N&Analized Time is the sum of the processor's normalized times for all programs divided by the number of programs (10). 
**Tlie Adjured Average Nonnaliisd ExecutloD Time is the average of the luirmalized times, acludiiig the highest and Ipwest nonnalized times. 
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THBW>3: B^atmtMfi'it'wrflfi-'^Equal^ Memory Aee»ti»'Flm«^'M>i:t' 88/10 vs 2 MHz 8809) 





Absolute Time 


n — ' ..7— — ■ — 

Nprm«l.izei(l Tinie 




Benchmark Program 


iAPX 88/10 ! 


MC68Q9* 


IAPX88/iq 


MC6809 




2.32 sec. 


57.1 sec. 




24.61 


16'Bit Multiply 


40.8 us 


91.9 us 




2.25 


'vector Add 


295.0 us 


369.0 us 


1 


1.25 


Block Move 


328.0 lis 


763.6 us 




2.33 


Block Translate 


1507.0 us 


3016.0 us 


1 


2.00 


Character Seardi 


136.0 us 


324.0 us 


1 


2.38 


Word Shift 


14.4 US 


49.1 us 


V 


3.78 


Reentrant Call .•: - 


87.6 us 


... 84.1 us 




0.96 


Single-Vectoredlntawttpf - a. 


102.6. ^« 


30il US 


1 ,-"1 . , 


0.29 


MuIH-Vectored rmerrupt 






T- 


2.25 


Average Normalized Execution Time** 


«: 


j- 


1 ylqiii: i 


, 4.21 


Adjusted Average Normalized Execution Time** f 


f. 


1 tiij. 


:,Z15 


*Times for the MC6809 include one wfdt state on memory accesses.' ' 


r 


s'oM . 




**See liote. Table 2, for descrvdon of image caleulaaoiu. ' >' 


01 




■M)a 1 


• ' I 


e 


f! 


/.-jTw.':? -< 1 t 




i 








1 



of the ten programs. The NKj6809's Average Normal- 
ized Time of 4.17 greatly reflects (as it did in Table 2) 
the fact that the iAPX 88/10 outperformed the MC6809 
by a large margin (more than 24 to 1) in the Computer 
Graphics benchmark. The Adjusted Average Normal- 
ized Time of 2.10 indicates that, after eliminating the 
Computer Graphics and Single-Vectored Interrupt, the 
iAPX 88/10 was more than twice as fast as the MC6809. 

Table 4 compares the poformance of the IAPX 88 and 
the MC6809 in terms of memory use, or coding efficien- 
jcy^^nrresulB intWrtaWesltowThat ilie iAKC 88 used 
less code for nine of the ten pro-ams. The two pro- 



grams in which the largest performance differences oc- 
curred were the interrupt response benchmarks. The 
MC6809 won on the Single- Vectored Interrupt, largely 
due to the use of its IRQ interrupt which automatically 
stacks all the MC6809's registers. The iAPX 88/10 pw- 
formed better for the MulttY^tored Interrupt because 
its interrupt response requires no extra code to accom- 
modate multiple interrupt vectors. For the other pro- 
grams, the IAPX 88 provides significant advantages due 
to its string instructions and its efficient handlii^ of 
16-bit quantities. The Adjusted Average Normalized 
Number ofSytes aiow5"tliriAPX-88 wMrbener than a 
2 to 1 advantage over the MC6809 in coding efficiency.; 



~ fable 4. Memory Utilization (Bytes)! 



Benchmark Program 



Bytes of Code 
X 88/10 MC8809 



Normalized Bytes 
iAPX88/ia MC6809 



Computer Graphics 
16-Bit Multiply 
Vector Add 
Block Move 
Block Translate 

Word Shift 
Reentrant Call 

Single-Vectored Interrupt -- 
' ^^li- Vectored Intentllsf 



40 
14 

18 • -. 

15 

24 

6 
48 

- IS — 



Avera^ Normalized Number of Bytes of Code* 
Adjusted Av^age Normalized NumbCT of Bytes of Code* 



180 

56 s. 

26 ! ; ! 

JJ L_: i . 

>IIl48 ii.'..>t .U.'.v .1 

49 

^ 



I I ■ 



ri:. 



4.50 
4.00 
1.17 
1.73 
i.54 
1.06 
3.00 
1.02 
0.07 • 
15.00 

3.31 
2.25 



*See note. Table 2, for deacr^ition of average calculations. 
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and the iAPX 88/10 using fewer instructions in the 
Multi- Vectored Interrupt. For the other programs, the 
iAPX 88's use of string instructions, and its ability to 
handle 8-bit or 16-bit data allowed the algorithms to be 
implemented in fewer lines of code. The Adjusted 
Average Normalized Lines of Code was 2.67 showing 
that the iAPX 88 used less lines of code than the 
MC6809 by a factor of more than 2.6 to 1. 



Tai^ Sii Ease of Programming 





Ulias of Code 




Normallzid Unea 


" Benchmark Program 


iAPX 88/10 MCe809 


iAPX 88/10 


' MC6809 


Computo' Giaidiics 






1 


5.80 


' 16-Bit Multi^y 


4 


28 




7.00 


Vector Add 


8 


8 




1.00 


Block Move 


7 


14 


1 


2.00 


Block Translate 


10 


13 


... , , I ■ 


1.30 


Character Search 


8 


9 


1 


1.13 


Word Shift 


2 


9 


1 


4.50 


Reentrant Call 


26 


23 


i 


0.88 










0.07 


N»iilti'Veofd^>Ii»emipt ' 








' 8.00 


Average Normalized Number of Lines of Code* 






3.17 


Adjusted Average Normalized Number of Lines of Codp*^ 




.... .^..,1 >h 





•See note, Table 2, for description of average calculations. 



In Table 5 the iAPX 88 and the MC6809 are compared 
for "Ease of Programming" by counting the number of 
lines of code required for each benchmark. The iAPX 
88 used a smaller number of lines of code than the 
MC^,809 for eight of the ten programs. As in coding ef- 
fldency, the greatest differences occurred in the two in- 
terrupt response benchmark^, with the MC6809 again 
having an advantage in the 3inj^e- Vectored Interrupt, 



> o 

< Ul 



ADJUSTED 
AVERAGE 



6809 
AVERAGE 



6<09 
ADJUSTED 
AVERAGE 



SPEED WITH EQUAL MEMORY 
triME 



Graph I. Normalized Average Througliput: 
5 MHz IAPX 88/10 «8 2 MHz 6809 



6809 

ADJUSTED 
AVERAGE 



BYTES OF CODE 



LINES OF CODE 



Qrapl) II. Normalized Average Memory Use and Lines 
of Code: IAPX 88/10 vs 6809 
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CONCLUSION 

The results of this benchmark study show that for the 
programs used, the Imel iAPX 88/10 significantly out- 
performed the Motorola MC6809. In absolute execution 
speed, the iAPX 88/10 proved to be 86% faster than the 
MC6809 (using the Adjusted Average). When compared 
at equal memory access times, the iAPX 88/10 outper- 
formed the MC6809 by 110%. On the basis of coding 
efficiency, the iAPX 88/10 generated less than half as 
much object code as the MC68P9. In the Ease of Pro- 
^-amming category, the results showed that the MC6809 
required more than 2.6 times the number of lines of 
code required by the iAPX 88/10. These results are 
summarized in the table bd ow. 

Table 6. PertArmanea Braakdown 



The IAPX 88 is the highest performance 8-bit micro- 
processor in the market today. The already superior per- 
formance of the LA.PX 88 will be increased by 60% when 
tfi^f^BKN V^r^ilbWagW^S 1981. This, together 
with the upgrade path to other object code compatible 
processor series in the Microsystem 80 product line 
(iAPX 86, iAPX 188, 186 and iAPX 286, 288), and the 
unequalled hardware and software support, makes it 
clear that Intel delivers the best solution to the many ap- 
pUcations which require a powerful 8-bit microproc- 



Performance Category 


Performance Ratio of 
iAPX 88 to MC6S09 


Execution Speed ' 

(Fastest) 
Execution Speed* 

Coding Efficiency 

Ease of Programming 


iAPX 88/10 is 1.86X 

faster 
IAPX 88/10 is 2.10X 

faster 
iAPX 88/10 is 1.47X 

more efficient 
iAPX 88/10 is 2.67X 

more efficient 



'With equal speed memory 
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BENCHMARK PROGRAM CODE AND FLOWCHARTS' 



P2:P1-M1 i<M2 

r—i 



Flgura 1. 16-BH Multiply Fiow^aft 



•This appendix contains the code and flowcharts for three of the benchmark programs (16-Bit Multiply, Block Move, 
and Character S^ch). For tiie code and flowcharts for all benchmark programs contact your local Intd sales ofSce. 
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BENCHMARK: 16-Bit Multiply 
PROCESSOR: Intel iAPX 88 



e "!89 f. h.-i<. . 



;REGISTER USAGE: 
; AX- ACCUMULATOR 
; DX- ACCUMULATOR 



Bytes Cycles 

3 18 MOV 

4 137 MUL 

3 19 MOV 

4 , ; . 1.019; (" 1 ^i"!-' • MijV' ■ ' 

3-' :b- 



AX, Ml 
M2 

PI, AX ' 

■1 03 • 



;Read operand 
;A*B 

; Store LSB 
; Store 



vo.i 



14 bytes of code 
4 lines of code 



Y. I 



r;T.< 



■■(•1-1. rvhU. 
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BENCHMARK: 16-Bit Multiply • ^ 

PROCESSOR: Motorola 6809 yqAr Isinl :>iOcJj::k^ 



Bytes 


Cycles 






3 


3 


LDX 


#AA 


4 


5 


LDY 


#BB 


3 


3 


LDU 


#M0 




6 


CLR 


o,u 




6 


CLR 


1 u 




5 


LDA 


1 X 

1 , A 




5 


LOB 


1 V 


1 


n 


MUL 






u 


STfi 

O 1 u 


7 [I 




4 


LDA 


n X 

U J A 


c 




1 nR 


l.Y 


1 


1 1 


Ml II 


y 

u 


7 


ADDD 


1 II 
1 , u 


i 


6 


STD 


1,U 


2 


3 


BCC 


ABl 




6 


INC 


O.U 




5 ABl 


LDA 


1,X 




4 


LOB 


0,Y 


1 


11 


MUL 




2 


7 


ADDD 


i.u 


2 


6 


STD 


1,U 


2 


3 


BCC 


AB2 


2 


6 


INC 


0,U 


2 


4 AB2 


LDA 


0,X 


2 


4 


LDB 


O.Y 


1 


11 


MUL 


2 


7 


ADDD 


O.U 


2 


6 


STD 


o,u 



REGISTER USAGE: 

D - ACCUMULATOR 
X - OPERAND POINTER 
Y - OPERAND POINTER 
U - PRODUCT POINTER 



;Pointer to multiplicand A(MS Byte) 
;Pointer to multiplicand B(MS.jByte) 
; Pointer to product 

:,t,or, ;CLR MO 

;Read LS byte of A (AL) 
;Read LS byte of B (BL) 
;AL*BL 

; Store in M3:M2 

;Read MS byte of A (AH) 
;Read LS byte of B (BL) 
;AH*BL 

;AH*BL + MS byte from AL*BL 
;Store in M2:M1 
;Skip INC if no carry 
;Add carry to MO 

;Read LS byte of A (AL) 
;Read LS byte of B (BH) 
;AL*BH 

;AL*BH+ M2:M1 

; Store in M2:M1 

;Skip INC if no carry 

;Add carry to MO 

;Read AH 

;Read BH 

;AH*BH 

;AH*BH +M1 + carries 
:Store in M1:M0 



56 bytes of code 
28 1 ines of code 



90 
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INITIALIZE SOURCE 
AND DESTINATION 
POINTERS 



INITIALIZE BLOCK 
LENGTH 



ADJUST BLOCK 
tENSTH 

:>i? f d iivoi " !! 



LENGTH = LEN6TH/2 



HOVE WORD 



obO / \o Z3M f \ 



LENGTH = 
LENGTH - 1 




LENGTH = l» 



Fignra 2. Block Mow Flowchart 
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BENCHMARK: Block Move 
PROCESSOR: Intel iAPX 88 



REGISTER USAGE: 

CX - BLOCK LENGTH 

SI - SOURCE POINTER 

01 - DESTINATION POINTER 



Bytes Cycles 



1 


2 


CLD 




3 


4 


MOV 


SI, FROM 


3 


4 


MOV 


DI.TO 


3 


4 


MOV 


CX.LNGTH 


1 


i 


' INC 


CX 


i 


t 


1 SHR 


CX.l 


i 


9+25/ 


REP iMOVS 


TO,FROM 



- jGl€ar direction flag 
— jlnitialize Source Pointer 
;toitialize Destination Pointer 
•^Initialize Block Length 

; Adjust LNGTH for word moves 
;Move Block ' 



15 bytes of code 
7 lines of code 



I. ...J 



33Y f 
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BENCHMARK: Block Move 
PROCESSOR: Motorola 6809 



Bytes Cycles 



REGISTER USAGE 

D - Block Length 

X - Temporary Storage 

Y - Source Pointer 

U - Destination Pointer 



4 


4 




LDY 


#FROM 


3 


3 




LDU 


#T0 


3 


3 




LDD 


#LENGTH r ^ 


1 


i 




INCB 




i 


3 




BNC 


SHIFT 


1 


Z 




INCA 




1 


2 


SHIFT 


LSRA 




1 






RORB 






8 


MOVE 


LDX 


.Y++ 


2 


8 




STX 


,u++ 


1 


2 




DECB 




i 


3 




BNE 


MOVE ' - 


1 


2 




DECA 




i 


3 




BNE 










26 bytes of code 








14 


lines of code 



;Initialize Source Pointer 
;Initialize Destination Pointer 
"TTTTltialize Block Length 

"I^^T^Sd one to avoid losing a 
.''^ - ; byte if LENGTH is odd 
; Adjust LENGTH for word 
; moves 
;Read word 
- ; Store word — 
sLSjCjount « j 

. ;MS Count \ 




|4 



AFN 01S32A 



BENCHMARK: Character Search 
PROCESSOR: Intel iAPX 88 



Bytes Cycles 

4 6 

Z 4 

3 4 
1 



LEA 
MOV 
MOr 

OLD 



2 9+15/ REPNE SCAS 
^ 15/4 .r,L^^3Z ' 

3 4 MOV 
1 2 PASTPTR:DEC 



REGISTER USAGE: 

AL - ACCUMULATOR 
CX,.r COUNT - X 
DI - TABLE POINTER 



DI.PTR 

AL.CHAR 

CX,40 



PTR 

PASTPTR 
DI.l . 
DI 



;Initialize Table PWnter 
; Search character 
;Initial ize count 
;Clear direction flag 

;Search 

;Jump if found 

;Not found:DI will return 

;AdJust DI 



18 bytes of code 
8 lines of code 



APPEItDIX 



BENCHMARK: 
PROCESSOR: 



Character Search 
Motorol a 6809 



Bytes Cycles 



8C 



REGISTER USAGE: 

A - ACCUMULATOR 

B - COUNT 

X - TABLE POINTER 

■■■i3THiO-" iJSAT - Id 



3 


3 -LDX 


#PTR 




2 LDA 


#CHAR 




2 ,^-.nt0B ■ 




2 


6 AGAIN CMPA 


' ^x+ 




3 m 


PASTPTR 


1 


2 DECB 




2 


3 BNE 


AGAIN 


3 


3 LDX 


#1 


2 


5 PASTPTR LEAX 


-1,X 



.lt(A; 



19 bytes of code 
9 lines of code 



;Initialize Table Pointer 
;Search character 
;InitiaT1zfe":count 1 : 

;Compare, Mtoincrement 

;Jump if found 

; Decrement count 

;Do again unless B=0 

;Not found; X will return 

;Adjust X ; t 




iAPX 88/10 
(8088) 

8-BiT HMOS MICROPROCESSOR 



■ 8-Bit Data Bu3 Interface ' " 

■ 16-Bit Internal. Architectui^< v 

■ Direct Addressing 6apability^fo^1 Mbyte 
of IMemory 

■ pitjBct Software Compatibiiity with 
iAt>X 86/10 (iBOSiB CPU) 

■ 14-WDrd by 16-Bit Register Set with 
Symmetrical Operations 



■ 24 Operand Addressing IVIod^^' ^ ' 

■ Byte, Word, and Blocl( Operations 

■ 8-Bit and 16-Bit Signed and Unsigned 
Arithmetic In Binary or Decimal, "A-c<. 
including Multiply and Divide 

■ Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 



The Intel® IAPX 88/10 is a new generation, high performance nnicroprocessor implemented In N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
|l6-blt mlcroproce%ofs. It Is directly compatible with iAPX 86/10 software and 8080/8085 hardwarejand peripherals, i 



MEMORY INTERFACE 



I 



EXECUTION 
UNIT 



i 



INSTRUCTION 
STREAM BYTE 
- QUEUE 



BUS 
INTERFACE 




cs 


ss 


uhrr 


DS 


IP 



EXECUTION UNIT 
CONTROL 
SYSTEM 



AH 


AL 


SH 


BL 


CH 


CL 


DH 


DL 


SP 


BP 


SI 


01 





40 □ 

M □ 

» 3 

3t 3 

38 □ 

3S □ 

34 □ 

33 H 

32 □ 

31 p 

30 b 

29 □ 

28 □ 

27 □ 

26 □ 

25 □ 

24 □ 

23 □ 

22 □ 

21 □ 



MIN 
MODE 

Vce 

A1S 

A16S3 

A17/S4 

A18S5 

AIWSO 



RD 

HOLD 
HLDA 
WR 

lO/M 
DT/R 

Ben 

ALE 

INTA 

TEST 

READY 

RESET 



MAX I 

modeI 



Or- : 



(HIGH) 



(ROlBTB) 
<Ri5;i5Tl) 

(LOCK) 

(S2) 

(sTi 

(SOI 

(OSO) 

IQSfl 



tFlfure 1. IAPX 88^0 CPU Fvncttonal Blm^DMgfanii' 



ngttiil 21 JAPi; Mhfli! Pin Cofl^^ 



iAPX 88/10 



[p[^i[LD[iiitlDMj^[^^ 



Table 1. Pin Description 

The tallowing pin function descriptions are for 8088 systems in eittier minimum or maximum mode. Tfie "local bus" in 
these descriptions is the direct multiplexed bus intetfao^ connection to the 8088 (without regard to additional bus 

buffers). not-.e^DOfMnom bqwh T«a-^'> 



Symbol, 



Pin No. 



Type 



Name and Function 



AD7-AD0 

•4r!n<tfi'?9».t' 



9-16 

O Hot 



I/O 



Address Data Bus: These lines constitute the time multiplexed memory/10 
address (It) and data (12, T3, Tw, and 14) bus. These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus "hold acknowl- 



A15-A8 



2-8, 39 



Address Bus: These lines provide address bits 8 through 15 for the entire bus 
cycle, {T1-T4). These lines do opt have to be latched by ALE to remain valid. 
A15-A8 are active HIGH and floM'tO 3^fat6 OFF 4urih4J"teiTUpt aii^CQvyle^ge 
and local bus "hold acknowledge". 'li^'^WOft'i OtM > 



A19/S6, A18/S5, 
A17/S4, A16/S3 



34-38 



9 .1 ■ 



Address/Status: During T1, these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
information is available on theseithbd during 
T2, T3, Tw, and t4. S6 is always low. The statusdf 
the interrupt enable fiaig bit^SS) is'uyj^aigc^'at 
the beginning of each clock cycle. S4and S3 are 
encoded as shown. 

This information indicates which segment reg- 
ister is presently being used for data accessing. 

These lines float to 3-state OFF during local bus 

"hold acknowledge '. < acui^RsrivVMOMa': 





"si 


CHARACTERISTICS 




1 (HIGH) 
SSisOtLOWft 





AIMfTt«l*baM 

Slack 

Coda or None 
OMa 



RD 



32 



Read: Read strobe indicates that the propessor Is perforrnlSig a memory or I/O 
read cycle, depending on the ;MMl» aWlwri8ffilwilwi8r S2rT^|s signal Is used to 
read devices which resicle:iOn#ie 8088 local bus^RD is activ^iLOW during T2, T3 
andTw of any read cycle, and Is guaranteed to ^main HIGH Jn T2 until the 8088 

local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge". 



READY 



22 



READY: is the acknowledgement from the addressed fnemory or I/O device that 
it will complete the data transfer The RDY slgnal from memory or I/O is syn- 
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 FJEADY input is not synchronized. Correct operation is not 
guaranteed if the Set'tiyand'hold times are not met. . 



INTR 



18 



Interrupt Request: is a level triggered Input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This 
signal is active HIGH, 



TEST "et' 



TEST: input is examined by the "wait for test" instruction. If the TEST input is 
LOW, execution continues, otherwise the processor waits in an "idle" State. This 
inj^St is synchronizpd internally during each clock cycle on the leading edge of 
Ct1€. - 



NMI 



noitswpitncO 



17 



Non-Maskable Interrupt: is an edge triggered input which causes a type 2 
interrupt. A subroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
riBeHy«ii"ternaily3W6l|eMfeqfeoiaiBn<>ih>nu^US0 n\88XW^. t vi; t 



IAm]88iml^ 



Table 1. P|;i Description (Continued) 



Symtral . 


Pin No. 


TVpe 


' , . t . . Name and Function 


RESET 


zi 




ll£&ET: daijiises th& f^rocessof tb iTtirti^dlateiyferfnjii£flid'fts presentabtivfty. The 
signal must be active l-UGH forat least four clock cycles. It restarts executionras 
clescrit>ecl1n'the instruction set description, when RESET returns LOW. RESET 








is internally synchronized. 


CLK 


19 


1 


Clock: provides the basic timing for the processor and bus controller It Is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


Vcc 


40 




Vcc: is the +5y, ±10% power supplyjjin. 


QND 


1, 20 




GND; are the ground pinS. • '• - ■'i" 


MN/MX 


33 


1 


Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed In the following sections. 



The following pin function descriptions are for the 8088 minimum m6Sg(k9S^MHfM)( = Vq^. Onlytlie pin functions whicti 
are unique to minimum mode are described; all other pin functloris are as d6Sdfl60d above. 



\oia 


28 


O 


Status Une: is an inverted maximum mode S2. It is used to distinguish a 
memory access from an I/O access. lO/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final 14 of the cycle (l/0=HIGH, M=LOW). 
lO/M floats to 3-state OFF in local bus "hold acknowledge". 


wR 


29 


o 


Write: strobe indicates that the processor is performing a write memory or write 
I7p cycle, depending on the state of the lO/R signal. WR is active forT2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus "hold 
acknowledge". 


(NTA 


24 





INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, 13, and Tw of each interrupt acknowledge cycle. 


ALE 

.- r A! 


25 

'i r'-m: ii .- :,i 


'V ji'-. 

-..,1 1 , 


Address Latch Enable: is provided by the processor to latch the address into 
the 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 


DTin,' 






' Data T^ansinlt/Reeetve: Jsmiedednt a minimum system that desires to use an 
8286/8287 data bus transceiver It is used to control the direction of data flow 
through the transceiver Logically, DT/R is equivalent to SI in the maximum 
mpdej,and its timina Is the same.^s fpr.l^ (T=HIGH, R=LOW). This signal 
WoatS'ta^-4^tet)Fnn Ipc^j 


DEN 


26 





Data Enable: is provided as an output enable for the 8286/8287 in a minimum 
system which uses the transceiver DEN is active LOW during each memory and 
I/O access, and for INTA cycles. For a read. or INTA cycle, it is acth/e from the 
middle of T2 until the middle of T4, white f5r a write cycle, it Is actjve from the 
beginning of T2 until the middle of T4.0iNfloats to 3-state OFF during local bus 
hold acknowledge". ~ • 


HOLD. HLDA 


30,31 


I, 

=. Ic . 


HOLD: indicates that another master is requesting a local bus "hold". To be 
acknowledged, HOLD must be active HIGH. The processor receiving the "hold" 
;:jre^Meet.wilH^U9-HLQA (HIGH) as an acknowledgement. In the middle of a T4 or 
Tl clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the set up time. 


SSO 






Status line: is logically equivalent to SO in the 






SSO 


CHAIMCTlfllSTlCS 




maximum mode. The combination of SSO, lO/M 
and DT/R allows the system to completely de- 
code the current Inis cycle status. 


MHIGHl 

D 













inierruDi Acfcnowieoge 
Read no port 
Wnrs lyO porl 

Read m«nrt,iY 



^ AFTMcezsa 



Table 1. Pin Descriptldff Ci^ntinued) 

Tifie following pin function descriptions are for tfie 8088, 8228 system in maximum mode (I.e., MNIMX=GND.) Only the pin 
functions which are unique to maximum mode are described: all other pin functions are as described above. 



Symbol Pin No. Type Name and Function 

S2, SI, SO 26-28 O Status: is active during clocl< high of T4, T1, 

and T2, and is returned to the passive state 
(1,1,1) during T3 or during Tw when READY is 
' ^ HIGH. This status is used by the 8288 bus con- 

troller to generate all memory and^l/0 access 
control signals. Any change by S2, SI, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Tw is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF during "hold 
acknowledge". During the first clock cycle after 
RESET becomes active, these signals are active 
HIGH. Aftef'this firsf cWk. tfiey'fibatfe^ 
_____ OFF. • "' ' '■ ' ■'^ ■ \ 

RQ/GTO, 30,31 I/O Request/Grant: pins areused by Other tocal bus masters to force the processor 

RQ/GT1 to release the local b us at th e end of the processor's current bus cycle . Eac h pin 

is bidirectional with RQ/GTO having higher priority than RQ/GT1. RQ/GThasan 
I . Internal puii-up resistor, so may be left unconnected. The request/grant se- 

" ' '^ ' ^beiAd6 tsaSK!li6iMd(SeieFlgure8): 

~ , 1. A pulse of one CLK wide from another local bus master Indicates a local bus 

' request ("hold") to the 8088 (pulse 1). " 

; ■ 2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the 

requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the "hold acknowledge" state at the next CLK. 
The CPU's bus interface unit is disconnected logically from the local bus 
during "hold acknowledge '.ThesamerulesasforHOLD/HOLOAapplyasfor ' J 
when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 
3) that the "hold" request Is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. 

Each master-master exchange of the local bus Is a sequence of three pulses. 
There must be one idle CLK cycle after each bus exchange. Pulses are active 

LOW. 

If the request is made while the CPU is performing a memory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 

1 . Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 

sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will 

follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 




I 



AFN-00e268 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


LOCK 


29 





LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by the 
"LOCK" prefix instruction and remains active until the completion of the next 
instruction. This signal is active LOW, and floats to 3^«tate^ff in "hold acknbwl- , . 

edge". 


QS1, QSO 


24, 25 


o 


Queue Status: provide status to allow external 
tracking of the internal 8088 instruction queue. 

The queue status is valid during the CLK cycle 
after which the queue operation Is performed. 


051 


QSO 


CHMueramncs 




O(LOWV) 



1 (HIGH) 






NciaiMration 

Firs! byte at opcode from quoue 
' Etnpty ilw queue 
Subsequent byte trom queue 








34 





Pin 34 is always high In the maximum mode. 



'•jJ!^.CiAeili-:-i.-:_:j,r/.-r, ' . ■ ^ .i...v5.. ;V. ... ;l. ., ;"W 
loi'nf J es.fo''"''.; „i .j30ti ' ' •.-."iri-ii^ .? : 



. - I/,. . ■ 
.' . ' -It'll r :', •.!<.■;! ^'1 It'.. 



' '.:!): n-.ti.l..'. 



..It ■■; .i-j-.^t^.j ^c( -r!j ,t bS'tn^tssH .^ siu^ 



L- 



■ ' 'f ■ ,lOl;;..'Ti^^b ,.M 



Memory Organtzatlon 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 



SEGMENT 

REGISTER FILE 



CODE SEGMENT 



} STftEK SEGM:E?*T 



} DATA SEGMENT 



EXTRA OATA SEGMENT 



matically execute two fetch or write cycles for 16-bit 
operands. 

Certain locations in memory are reserved for specifiQ 
CPU operations. (See Figure 4.) Locations from ad; 
dresses FFFFOH Ihrough- FFF-PFH ars-feserved for 
operations includih^ a Jump i6 thd InM^I system initial- 
ization routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump' 
must be located. Locations OOOOOH through 003FFH are 
reserved for interrupt operations. Four-byte pointers; 
consisting of a t6-bit segment address and a 16-bit off- 
set address direct program flow to one of the 256 possi-' 
ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prlpr Jo the .ocourtence of inter- 
fUptSVTWii- t, ■ -i!*^ C- \ - ! 

Minimum and Maximum Modes 

The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to Vcc. fhe 8088 generates bus control 
Signals Itself on pins 24 through 31 and 34. 



RESET BOOTSTRAP 
PROGRAM JUMP 



INTERRUPT POINTER 
FOR TYPE 25S 



INTERRUPT POINTER 
FOR TYPE 1 



INTERRUPT POINTER 
FOR TYPE 



3FFH 
3F0H 



Figure 3. Memory Organization 



Figure 4. Reserved Memory Locations 



Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden, 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 
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Intel 



iAPX 88/10 
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The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85™ multi- 
plexed bus peripherals (8155, 8158, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture 
provides the 8088 processing power in a highly integrated 
iorm. 

The demultiplexed mode requires one latch (for 64K ad- 
dressability) or' tyvo latches (for a full megabyte of ad- 
dressing). A third] latch can be used for buffering if the 
dddress bus loading requires it. An 82B6 or 8287 trans- 
ceiver can also be used If data bu s buf fering is required. 
OSee Figure 6.) Thei 8Q8a.p{9.vldBS bEN and DT/R to con- 



trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy buS; 
buffering and relaxed bus timing requirements. 

The maximum mode employs the 8288 bus conUoller. 
(See Figure 7.) The 8288 decodes status lines SO, S1, 
and S2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant Interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus. 
and remote bus configurations. ' 



at-. V 



m 



mm 



1 



Xl 


X2 




CLK 




READY 


RES 

ft 






RESET 



READY 

MN/MX 
ALE 

RESET RD 
WR 



C 



PORT 



8155 

^"-^ POR T 1/^-::^^. 

-K DATA. 
> ADDR 
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lO^M TIMER 
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Figure 5. Multiplexed Bus Configuration 
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Vcc 



i2i 
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QENCUTOIl 
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CLK MWHX 
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Figure jf>.. MMuWpiexed Bus CdnflguraOon 
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Rgure 7. Fully Bufferad System Using Bus Controller 



II 



Bus Operation 

hhe 8088 address/data bus is broken into tliree parts — 
khe lower eight address/data bits (AD0-AD7), tine middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most 'efficient use of pins on th^ proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 



tion, ttie bus can be demultiplexed at the processor with 
a single address latch if a standard, non-multipiexe'd^ 
bus is desii^ for the system. # | 

Each processor bus cycle consists Of at ISSSt Jour CLK 
cycles. These are referred to as T1, T?, T3, and;T4. (See 
Figure 8), Tfie address Is ertjjttecj from the processor 
during T1 and data transJer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT > 
READY" Indication is given; by the addressed devlce,j 



-er- 





1 


1 ^' 


1 Tj TwAiT 1 


T. 


1 ^' 





I Tg I TwAIT | T« | 



GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 




ADDR/STATUS 



X 



DC 



is^ — ...X 1 



X 



. . \_ _/ BUS RESERVED \/ D7-O0 \ _/ . « \/ 
A7-A0 ) ( FOR DATA IN 7^ VALID ) ( Ar-Ao X 



DATA OUT (DrDo) 



m r 



-MEMORY ACG^:^ME- 



m r 



L - 



Ftsure 8. tttste S^tsm Timing 



mmmm 



"wait" states (Tw) are inserted between T3 and T4. Each 
inserted "wait" state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus 
cycles. These are referred to as "idle" stales (Ti), or inac- 
tive CLK cycles. The procesj|ipr^use5.|!i^.Se 
ternal housekeeping. .i. h. •..q.a.. 

&Wftg'*'r9'6f-arTy bus cycle, the AtE ?adare#ifatGh 
-S^fa^3^"•gKal Is emitted (by either We ^t^essdr^itK* 
8288%'tis'c"6ntroller, depending oi^4t#«MN/M5r&t(*P;«t 
the traHirig edS«'6f this Ni^s0,n^\^id'addf&SS'aA{l e«r- 
tain status inf orrtiatfbV) fsr iheTiycIe nlay tee Isftclifea, 

Status bits SO, SI, and S2 are used by the bus controller, 
in maximum rripde, to identify the type of bys, transac- 
tion according to the following table: , , . 



S2 








S1 


so 


CHARACTERISTICS 










(Low) 








Interrupt Acknowledge 








1 


Reati-l/O . .it/w ■ 





1 





Write fOsvsnoo naf'--. 


Q. 


1 


1 


Halt-' .'F. ' ■■ ■Juc-j.s i.. 


' l(High) 








Instruction fetch 


1 





1 


Read data Irom memory 


1 


1 


' 


Write data to memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S3 through S6 are multiplexed with high 
order address bits and are tlierefore valid during T2 
through T4, S3 and 84 indicate which segment register 
was used for this bus cycle in forming the address ac- 
cording to the following table: 



S4 


S3 


. CHARACTERISTICS 


(Low) 


1 (High) 
1 



1 



1 


Alternate data (Extra Segment) 
Stack 

Code or none ; tn^s , 
Data - 





S5 isk reflection of the PSW Interrupt er^lerbit. SiS is 
always equal to 0. 



.J 



I/O Addressing 

In th6 8088;~</O «perations-can- address up to a maxl- 
mumtof 64K I/O registers. The I/O address appears in the 
same format as the memory address on bus lines 
A15-A0. The address lines A19-A16 are zero In I/O 
operations. The variable I/O Instructions, which use 
register DX as' a pointer, have full address capabilltyr' 
whllei the direct I/O Instructions directly ftddress one or 
two Qf the 256 I/O byte lecatiene-tn- paige^ of the I/O ad- 
dress space. I/O ports are addressed in the same man- 
ner as memory locations. 

Designers famiJIar with the^8085 or upgrading an 8085 
desidin should nbteJbat the JOBS addresses I/O with an 
8-blt]address on both halves of the 16-bit address bus. 
The 8088 uses a full 16-blt address on Its lower 16 ad - 
dress lines. 



EXTERNAL INTERFACE 

ProedSMHi K«mt amMnttialization 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for,a«Mter.than four.clQcK cycles. 
The 8086 will terminate' 0(ilntidhS'W%^'iffi§h'gm^^ 
edge of> RESET and will -reneu^n ^donnaKt lang>ras 
BESET IsHlQH. The lov(('«oiffl®»ranS(lton of RESET-trig- 
gersiiam Mernal ;n9set.jKequence for approximately 7 
ctlMI<-:^y!ei^. After^thlSinterval the 8088 operates nor- 
mally, beginning with the instrvction In absolute loca- 
tion FFFFOH. (See Figure4.) . , >Ti«s RESET input is inter- 
nally synchronized to the processor clock. At initiallza- 
/tioni the HIGH to LOW transition of RESET must occur 
no sooner than 50 /is after power up; to allow complete 
initlalization of the 8088. 

If INTR is asserted sooner than nine clock cycles after 
the end of RESET, the processor may execute one in- 
struction before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 

Interrupt Operations 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated Interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description. in the 8086 Family User'? 
Manual. Hardware interrupts caii be classiQed ^ nciq- 
ntaskable or maskable. 

interrupts result- In a transfer of cortfrOI to a new pro- 
gram location: A 256 element table containing address 
pointers to the ' interrupt service program locations 
resides In absolute locations through 3FFH (see Fifl- 
ure 4), which are reserved for this purpose. Each ele- 
ment in the table is 4 bytes in size and corresponds to 
an interrupt "type". An interrupting device supplies an 
8-bit type number, during the interrupt acknowledge se- 
quence, which is used to vector through the appropriate 
element to the new interrupt service program location. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable in- 
terrupt request (INTR) pin. A typical use would be to acti- 
vate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The a'Sft^atlon of this pin 
causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition 
■ of NMI is latched on-chip and will be serviced at the end 
of the current instruction or between whole moves (2 
bytes in the case of word moves) of a block type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; It 
may occur before, during, or after the servicing of NMI. 
AnofKer high-going edge trlggers'^fherresi^nse If it 
J'-unr. .e >v;f-l^ 



\ 



traneous responses. 



Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. UntJI the old FLAGS register is restored, the 
enable bit WW ia^ sero 'Unless speeificaliy setiby fin . in- 
struction." - ■■ 

During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
original interrupt enable bit when it restores the flags. 



processor indicates that it is entering the HALT state in 
one of two ways, depending ut}on which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the systenvto latch 
the halt s tatus. Halt status is available on lO/M, DT/R, 
and SSO. In maximum mode, Uie processor issues ap- 
propriate HALT status on S2, SI, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 

Read/ModifyA(Vrlte<SemiBp|iore) OperaHepsl 

via LOCK I 

The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the "exchange register with memory" 
instruction), without another system bus master receiv- 
ing Intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish "test 
and set lock" operations. The LOCK signal is activated 
(LOW) in the ctocit cycle following decoding of the 
LOCK prefix Instruction, it is deactivated at the end of 
the last bus cycle o f the Instruction foiiowing the LOCK 
prefix. While LOCK is active, a request on a RQ/ST pin wiJi 
be recorded, and then honored.rat the end of th^ lOCK, 



External SyhdfifNtfilzalfdn' vta TEST ! 

As an alternative to interrupts, t he 80 88 provides a 
single software-testable input pin (TEST). This input is 
utilized by executingi a WAIT Instruction. The single 



SUA.. 



MM . ' j 1(1/ 1' ! V!, ' 



V FLOAT 









'TWEWeCTOR'-' 



-• . Or 



Figure 8. Intamipt Acknowledge Sequence 



WAIT Instruction Is repeatedly executed until the TEST 
hqautlioeai active (LOW). The execution of WAIT does 
not eMi#uiii6 ttuacydewortc^ the queue is full. 

If a local bus request occurs during WAIT execution, the 
80BB 3«tates all eotftat drWers. If Intecmpis^rd enisled, 
:the 80BB will racognlze interrupts «md prectea tbdm. 
The WAIT instruction iarthen refstched, and reexecuted. 

Basic System Timing 

In minimum mode, the MN/MX pin Is strapped to Vcc 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 
j^se?, tj). g^iierat^^.l^l^ljTI^U^ c§.fnp^i,bjlf Cpnpq\ 
signals.' ' . 

System Timing — IVIinimum System 

(See Figure 8.) 

The read cycle begins In T1 with the assertion of the ad- 
dress iatch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (AD0-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
main valid throughout the bus cycle. From T1 to 14 the 
iO/M signal indicates a memory or I/O operation. At 12 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) _[s re quired to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The iO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
12, immediately following the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, 13, and T^, the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which Is delayed somewhat into T2 to provide 
time for the bus to float. 

The basic difference between the Interrupt acknowl- 
edge cycle a nd a read cycle Is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is float ed. (See 
Figure 9.) In the second of two successive INTA cycles, 
a byte of information Is read from the data bus, as sup- 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt, it is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de* 
scribed earlier. 



Bus Timing — IMedium Complexity Systems 

(See Figure 10.) 

For medium coraptisAity sys^(|is, .the^N/MX'pin is con- 
nected to GND and the 8288 Bus cdhtfoiler is added to 
the system, as well as an 8282/8283 latch for latching 
4he system address, di^d' an 8286/8287 transcefviir to 
allow for bus lokdtilii ^ji eate r than the8088 is capable of 
hahdlih^Signals ALB, DEN, and'DT/R are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the sainne.'The 
8088 status- outputs (S2, S1, and SO) provide type of 
cycle infiormatttfn and become 8288 inputs. This ijus 
cycle infornnratioh specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus Issues control signals specifying 
memory read or write, I/O read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans- 
ceiver receives the u sual T and OE inputs from the 
8288's DT/n and SIR outputs. 

The pointer into the inter rupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller Is 
positioned on the local bus, a TIL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se- 
quence and software "poll". 

The 8088 Compared to the 8086 

The 8088 CPU Is an 8-bit processor designed around the 
8086 Internal structure. Most internal functions of the 
8088 are Identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure Is Iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the 8086 Family User's Manual, Chapters 2 
and 4, for function description and Instruction set 
Information. 

Internally, there are three differences between the 8088 
and the 8086. Ail changes are related to the 8-bit bus In- 
terface. 

• The queue length Is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BiU when prefetching Instructions. This was re- 
quired because of the additional time necessary to 
fetch Instructions 8 bits at a time. 
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• To further opt$^jze^thpjctMfUe,.the prefetching algo- 
rithm was changed. The 8088 BlU will fetch a new in- 
struction to load into the queue each time there is a 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 

• The Internal execution time of the Instruction set Is 
affected by tiie 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU Is also limited by ttie speed of In- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 



The 80818 and 8086 are completely software compatible 
by./irture of the.i.r identical execution units. Softyyiare 
th^JSk-j^^stem dependent may not be complete).jf,.^eu),s- 
,feraibt|jS^,$ut software that is not system depej^ij^jit wijil 
'.operate equally.aawelJ of^^ 



TbSliardware interface; of .the 8088rcontains the major 
differences between the -two .CPUs. The pin assign- 
ments are nearly identical, however; with the following 
functional changes: 

• A8-A15 — These pins are only address outputs on the 
8088. These address lines are latched Internally and 
remain valid throughout a bus cycle in ScTiianner 
similar to the 8085 upper address lines. 

• BHE has no meaning on th9<8088%rKl;hds teenetimt- 
nated. 

• SSO provides the SO status information in the mini- 
T mum mode. This output oe curs o n pin 34 in minimum 
' mode only. DT/R, lO/M, and SSO provide the complete 
. bus status In minimum mode. 

'•' |ib/M has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in .thp rnin|nriuiii 
mode when entering H^l!t,' tO alloSfiri^'^tatUS to be 
latched with ALE. • i,: f.jf.) 

D:. if;? !0 no. ■ j.^/t . -ri' -I. v r ! ■ ' , . - --If 

{in \.. ■ ■ , -jC' i.ii-.fi..; iH .•Ms - - ".'J 



Sri- 



rtol ;. eil) yl t . j'l . .1.' .-v v. 



V.T r>(iii It rV.-sciC;. 

■ .. -.'in, ?f!t IMS - ■.i-H.i ')■■-. ,■'■• 
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Figure 10. Medium Complexity System Timing 
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Ambient Temfferature Otraer"BilS7.'7: ."; . . .0°C to 70°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation .\ 2,5 Watt 



Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion ofthe'dey/meattheseorahyoWercb^ above 
those indicated in the operational sections of this specif I' 
cation Is not Implied. Exposure to absolute maximum 
rating conditions tor extended periods may affect device 
reliability. 
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D.C. CHARACTERISTICS (Ta = o°c to 70°c, Vcc = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V|H 


input High Voltage 




Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.0 mA 


*OH 


Output High Voltage 


2.4 




V 


IrtLj = 400 uA 
'OH — twu 


Ice 


Power Supply Current 




340 


mA 


Ta = 2S'C 


Ili 


- iFiput Leakage Current 




±10 


f.A 


OVsVinsVcc 


Ilo 


Output Leakage Current 




±10 




0.45V < VouT < Vcc 


Vol - 


CIPGk Input Low Voltage 


-0.5 


+ 0.6 


V 




VCH 


Clocl< Input High Voltage 


3.9 - 


■ Vcc +1.0 


V 




C|N 


Capacitance ot Input Buffer 
(All input except 






H BE.. ■ 


,,.,fc = 1.MHZ 1 




AD0-AD7 RQ/GT) 








j 




Capacitance of I/O Buffer 
. (AP0-AP7 RQ/eTl.__:_ 




: . 




fc = 1 MHz ! 



A.C. CHARACTERISTICS (Ta = o°c to 70°c, Vcc = sv ±10%) 
MINIIMUM COIUPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


■ l>atamAter 


Mtn. 


Max. 


Units 


Test eondltlens j 


TCLCL 


CLK Cycle Period 


200 


500 


ns 


i 


TCLCH 


CLK Low Time ^ 


(% TCLCL)- 15 




ns 


TCHCL 


CLK High Time 


(WTPILCE5+2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1 .OV to 3.5V 


,.t,G.i^<;li . 


._CLKFaJIJime 




10 


ns 


From 3.5Vto1.0V 


TDVCL 


Data In Setup Time , , . . 


30 




ns 




TCLDX 


Data In Hold Time 


' " '"'¥b ■ 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1 ,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes 1, 2) 







ns 


TRYHCH 


READY Setup Time into 8088 


(% TCLCL)- 15 




ns 


TCHRYX 


READY Hold Time into 8088 


30 




ns 


TRYLCL 


READY Inactive to CLK(See Note 3) 


-8 




ns 


THVCH 


HOLD Setup Time 


35 




ns 


TINVCH 


INTR, NMI, TEST Setup Time (See Note 2) 


30 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


MIn. 


Max. 


Units 




TCLAV 


Address Valid Delay 


10 


110 


ns 


Cl = 20-100 pF for 
all 8088 Outputs 
in addition to 
internal loads 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TLHLL 


ALE Wtdth 


<TCLCH-20 




ns 


TCLLH 


ALE Active Delay 




80 


ns 


TCHLL 


ALE Inactive Delay 




85 


ns 


TLLAX 


Address Hold Time to ALE Inactive 


TCHCL-10 




ns 


TCLJJV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TWHDX 


Data Hold Time AtterWR 


TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


ns 


TCHCTV 


Control Active Delay 2 


10 


110 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


ns 


TAZRL 


Address Float to READ Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


ns 


TRHAV 


RD inactive to Next Address Active 


TCLCL-45 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


ns 


TRLRH 


RD Widtti 


2TCLCL-75 




ns 


TWLWH 


WR Width 


2TCLCL-60 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-60 




ns 


TOLOri 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



' A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



-TEST POINTS- 



AC TESTING; INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 AND 0.45V FOR 
A LOGIC THE CLOCK IS DRIVEN AT 4JV AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC 1 AND -0.- 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 

TEST 



I 



Cl • IWpF 



Cl includes jig catocitance 
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WAVEFORMS 



BUS TIMING— MINIMUM MODE SYSTEM 



CLK («2S4 OulpuD 



Ais-Aa 

:~b''-' ' I- 

J"- ■■■Al(»6-Ai,®i' 



RDY (a2M Inpull 
SEE NOTE« 



READY (aOW Input) 



READ CYCLE 
<NOTE 1) 

(m.nin.voH) 



^^^^^ 



1 



X 



I— -TLHLL ^ 



TCHLL— 

- TAVAI.— 



X 



T2 

TCH1CH2- 




Tj T„ 
— TCL2CI.1 / 



Ais - Aa (Float during INTA) 



J- 



-TCtOX— 

V 



X 



X 



FLOAT 
- TRHAV- 



r 
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WAVEFORMS (Continued) 



BUS TIMING— MINIMUM MODE SYSTEM (Continued) 



cut(>i^Oirii»i) 



WRITE CYCLE 
N0TE1 



AD7-ADa 



INTA CYCLE 
NOTES 1.3 



VC • • JOr rr. 



SOFTWARE HALT - 
DEN,RD.WR,iNTA = VOH 
DT/Kll 



TCH1CH2-H k -H K TCL2CL1 / 



T3 T« 




AD7-AD0 



SOFrWARE HALT 



NOTES: 1. ALL SIGNALS SWITCH BETWBN VoH AND «b|. UNLESS OTMBIWISE 

SPECIFIED. 

2. RDV IS SAMPLED NEAR THE END OF T2, T3, Tw TO DETERMINE IF To 
MACHINES STATES ARE TO BE INSERTED. 

3. TWO INTA CYCLES RUN BACKTO BACK. THE 3068 LOCAL ADDRfDATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE 

4. SIGNALS AT 82S4 ARE SHOWN FOR REFERENCE ONLY. 

5. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED 
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A.C. CHARACTERISTICS (Continued) 

MAX MODE SYSTEM (USINQ 8288 BUS CONTROLLER) ■>> u:. ~0<'» ^^IT 

TIMING REQUIREMENTS 



Symbol 


" Parameter , ■ 


MIn. 


mix. 


Units 


Teat Condltlona ' 


TCLCL 


CLK Cycle Period i 


200 


500 


ns 




TOUCH 


CLK Low Time 


(% TCLCL)- 15 




ns 


TCHCL 


CLK High Time - 


(iATCLCL)+2 




ns 


TCH1CH2 


CLK Rise Time. ' 




10 


ns 


From 1.0V to 3.5V 


TCL2GL1 


CLK Faii time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDX 


r^ata In MnlH T~imA 
Uala III nUlU 1 llilc 


1 n 




ns 


1 Ml Vt>L 


HUT oetup 1 ime into o£o4\oee Notos i , e) 






ns 


TCLR1X 


RDY HnlriTimA intrt R9flA l^aei NntcLQ 1 9V 
nL^iT nuiu -i^j.ruo llllu..«lCaal^^J^i|e..[MUUSS mif' 


n 




ns 


1 n I nvyn 


n crM_/ 1 olsiup 1 line iiiiu ouoo 






ns 


TCHRYX 


READY Hold Time into 8088 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 


T1NV0H 


Setup Time for Recognition (INTR, NMI, TEST) 
(See Note 2) 


30 




ns 


TGVCH 


RQ/GT Setup Time 


30 




ns 


TCHGX 


RQ Hold Time into 8086 


40 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Faii Time (Px^pttJLK) : r.,,,.. 




12 


ns j 


From 2.0V to 0.8V i 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPOHMES 



ayniDoi 


Parameter 


MIn 

ivtin. 


Mav 


uniis 




TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 




TCLMH 


Command Inactive Delay (See Note 1). , 


'ID 


35 






TRYHSH 

1 1 1 1 1 1 wl 1 


READY Active to Status Passive (See Note 3)' 




110 


ns 


TCHSV 


Status Active Delay 


10 


110 




TCLSH 


States Inactive Delay 


TO 

■ --i-iT . 


130 


ns 




Address Valid Delay ---^ ^ 


_i_4n 

i IV 


- 1 in 


ns 


TPI AY 


Address Hold Time- . . , ^ 


in 

lU 




ns 


TPl A7 




TPI AV 


An 


ns 








TQVI M 


/S.tat«s.yalW_to ALE High (See Note.j) . ,^ 




ID . 


ns 


i oviVi^n 


. Status y^d to MCE High (See Note 1) 




to 


ns 


1 ULLn 


CLK Low to ALE Valid (See Note 1) 




15 


ns 




Cl = 20-100 pF for 
all 8088 Outputs 
in addition to 
internal loads 


1 OLivK^n 


CLK Low to MCE High (See Note 1) 


— ' X 


- -TO. 


ns 




ALE Inactive Delay (See Note 1) 




15 


ns 


TCI ur^i' 


MCE Inactive Delay (See Note 1) 




1 o 


ns 


TCLDV 


Data Valid belay 




10 


110 


ns 


TCHDX 


Data Hold Time 




10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


c 
3 


'to 


ns 


1 V INA 


Control Inactive Delay (See Note 1^ 






ns 


TAT PI 


Address Float to Read Active 






ns 


TCLRL 


RD Active Delay , 


10 


165 


ns 


TCLRH 


RD Inactive Delay . ' ' 


10 


150 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLGL-45 




ns 


TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 


TCHDTH 


Direction ControMnactive Dslay (See Note 1) 




30 


ns 


TCLGL 


GT Active Delay 




~T~7Z V 


110 


ns 


TCLGH 


GT Inactive Delay 


in:- 




85 


ns 


TRLRH 


RlTWidth 


r-: — , 

; ' ' f 


2TCLCL-75 




ns 


TOLOH 


Output Rise Time ' 




—J L jTfl...-*'. 


20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time i v - 




12 


ns 


From 2.0V to 0.8V 



NOTES: _ 

1 . Signal at 8284 or 8288 stiown for reference only ■' 

2. Setup requirement for asynchronous signal only to guarante^ifSSSl^n'fGSFrSrn^ ULK. 
}. Applies only to T2 state (8 ns intoj^ state). _ _ ___A 

I. Applies only to T2 state (8 ns into Wstate). 



iAPX 88/10 

Jim X^^' 



[p[^iy[ifflDi,/Si[^Y. 



WAVEFORMS (Continued) 



BUS TIMING— MAXIMUM MODE 
SYSTEitt fUSWa 8288) 



TCLCL ►TCH1CH2-^ |- — »j l-fCUCtl Tw 



S,Sl,lo (EXCEPT IHKL-n 



READ CYCLE 



8288 OUTPUTS 
SEE NOTES 5,< 




inteT 



iAPX 88/10, 



WAVEFORMS (Continued) 



0? 'Mf.OlZWA'M 



BUS T4MING— MAXIMUM- 
MODE SYSTEM 
(USING 8288) 



VCM r 
iL— / 








SOFTWARE 

HALT - (DEN = voL;RB.iinns8,iBia,iiwTsjiHse,iBW6jnowE.iNiA,oT/rs . voh. 



INVALID ADDRESS 



7^ 



1. ALL SIGNALS SWITCH BETWEEN Vqh AND Vol UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF Tj, T3, T* TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

3- CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 
CYCLES. 

4. TWO IHTA CYCLES RUN BACK TO-BACK. THE 8068 LOCAL ADCHVDATA 

BUS IS FLOATING DURINQ BOTH INTA CYCLES. CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

5. SIGNALS AT 6284 OR S2S8 ARE SHOWN FOR REFERENCE ONLY. 

6. THE ISSUANC E OF THE 8288 COMMAND AND CONTROL SIGNALS 
(RRCC, MWTC, AHWC, IDHC, ICWE, AlOWC. VRTA AND DEN) LAOS THE 
ACTIVE HIGH 8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT I.SV UNLESS OTHHIWIK 
NOTED. 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T4. 



S9> 

\ 



AFN-OOBMB 



WAVEFORMS (Continued) 



ASYNCHRONOUS 
SIGNAL RECOGNITION 



- TINVCH (mM now 1) 



: 1. KTW MOUMBioiTt FOn UVNCWtOHOUt 
OMLVTO ajMWWTlt MCOa^tTWM AT fOXT CLK 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

— — Any CLK Cyelt — | — 



-Any CLK C»Cl« — 



1 .,..-.^c«.™ 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



0-ClK C^ei« -— 



Pmfotn^gnnl 



TGVCH 

I- rcHcx - 
PULSE 1 I y — i H 



A»-A« ' 
AOr-AOk 

IfD. [QCK I 




[— TCLGH 




y 



> 1 CLK CYCLE- 



•wr 



1 OR 2 CYCLES - 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

GUI \ + ^ 



"1 



1^ 



6IX 



inler 



mm 88/10 



iAPX 86/10, 88/10 
INSTRUCTION SET SUMIMARY 



ltH32\0 7tHi2IO 7SS43;iO T<E4SZI0 



Regiswr/memoiy lo'l'om regislei 
ImmMialt ID leg'Slet r memory 
ImmediiH to regmet 
Memaiy le accumuiilnr 
Accumulaloi (o memoiy 
R^KKtrmmoiy le segmtni legisiei 
Sea"*Ml (leittH 10 tdgisKi "nemsiy 

NtgisWrneino'v ^ " '! 

fleg>sie> 

Stgmcni legislci 
MgiSttcfMinHy 



1 1 d * 


mod 'eg "m 




1 1 1 t • 


nod ^ m 




1 1 1 * reg 




data ii •> 1 


1 1 « 


adOMDw 


aad''h,gh 


1 a 1 1 * 




aOdi-nign 


I .1 t 1 Oj 


motto rcg i/m 




> 1 t 0' 


jnod reg irni; 


■ J •! 







[ q D itg 1 M 



Aegistei'memoty Willi tagitlii 

Reg'Stei wiiri m 



Fuadpen 


1 1 1 1 00 1 a » 


poll 




1 14 1 1 1 Q « 





OUT = OuWulUt: 
Firm) port 

■UT'TtandmbvUioAL 
LU-Luad E* M ueisttt 
in-Laid pomtcr to DS 
Ift'Load pooiur Id ES 
UMF^LoMl M Nrth ttags 
IMF Slort AH inU fUflS 

Wf=Pop lUgs 



ARITHMETIC 



Reg /memofy wiir regisiei id eiiher 


D op a,g» 


mod 'eg ( m 






t,0 0.0 1 w 


mod D "m 








) • 








UG = AM wwinrnr 










fltg jnwmory with legiiltf to tittw 


00 t 00 d w 


mod it% im 






innnidnti to (cgiiucmMnoiy 








■.nMllB.l5« uH 




1 1 w 


dill 














R(giSlrr/m»mory 




mod'O'OQ r/tn 






Rtgisiei 


1 Q leg 








AM'ASCn>i|uMtoradd 


00 t t t T 1 








HhDMwNladiunlarMd 


00100111 








itJB ■ Suhinti 










■-■ - . . ■ 'j.!i(r (0 eimei 


1 1 d » 


mod 'eg ' m 








1 s « 


moot D 1 "ra 




data i< s w 01 1 


ImmtAii* liom iccunvjiisioi 
Ml ^ taHndaMilims 


10 1 > * 


m* 


a«oti<H 1 












tag /mtmoiii and (tgittc lo cirtci 


T 10 0* 


moo 'eg i m 






ImiiMdialt (lom ttgwei'memorv 


1 D s * 


moao 1 1 r.m 




aaij if if V- \ 


immtdiiM Iron occumuiaior 


1 1 1 « 


data 


daia If w 1 





DEC Dtcnnwitl: 

Reg.sier imemoiy 
Registf 

REG Cfiange sign 

CMP Complri 

Regitiei -mtmoiy and 'tgisiti 

immeaiate oun itgisiei'memory 

Immediate wttri accumuiaioi 

Ml ASCII adiusi tw subiiact 

Ul Oecunal adpiM )D( uHrscl 



T 8 5 < 3 n 7 B S 4 3 ? I T B S 4 9 t t fl .. ,T • %,4,.U UOi 



1 1 1 1 10 1 1 » 



mod 1 ('ID 



MOL Iniegn mulUoly ISigntdi 

UR^ASO adtustToi muriipiv, 

on Divide lunjignedi 
IMV inieget divide tsignedi 
HID ASCII adjuii loi diwife 
CIW Convert Oyle 10 Mnd 
CWD CanveiUMMM dout^ MM . 



LOGIC 
NOI liven 

SHL Ul sn>ii logical antnoiMic leii 




R Stiift ID 



I iigni 



SAR Snili antnmetic ngttf 

ROL Roiaie leM 

ROR Rnidie '>iir>i 

RCL Hoiaif ifrQugn tiiif 1 

RCR Roidie itiiojgn ca'iy i 

AHO And: 

Reg .n 



t 1 1 1 t.-t * 


modO. 1 cm 


1 1 1 bo » « 


mod 1 1 m 


1 1 ' . * 




1 1 1 V * 




1 1 1 V w 


mna 1 "1 


1 1 ' ^ * 


mod 1 '-m , 


1 1 1 . « 


T^odO 1 r'm ' 


1 t 1 • * 


mod '. 1 I'Oi 



I le^'iler I 
immeoiate lo rqistn'mm 
Immeiliate 10 KCuiiiulllor 

TEST And lunction to Iligi. ni rnull: 



data It w 1~| 



idiaie daia and legiiic (memory 
idiale data I'M accumutatDr 



an Or: 

Reg 'memi 



XOR Eicluilvitr 

Req 'memory and legisier to eilh 
Immediaie tp rofliuei (memory 
Immediau to MconiirtRtot 



STRING MANIPUUTIOH 

REP=ReBeal 
MOVS=Move byfe'word 
CM(>S = Comp3i» bvir'wD'd 
SCAS^Scjn byltlMO'fl 
LODS-LojO Byit^wd 10 AL/AX 
fTH'^tor byle/wd liom ALM 



t ) D w 






1 1 1 1 1 1 • 


modO I'm 


data 




1 T 1 P Bw 


data 


data It f 1, 












D 1 d H 








1 * 








C 1 1 G M 
















D 1 1 D d w 


moo reg r/m 








tRI#.t 1,...Q ,(101' 


- •■ ••.w 




1 10 10 w 




M» It « 1 





1 ) 1 1 w 



Mnemonics ©Intsl, <978 



m 



ARMuaaB 



[pi^iyii^aii^i 



INSTRUCTION SET SUMMARY (CoatMeoflr ^"^A' 



CQNTMR. IRRHHi 

CALL = M: 


7 15 4 3 110 


7 6 5 13 7)0 


T e 5 4 3 ; 1 


Direcr wrttiin sagment 


1 1 t 1 ) 


(JiSp-low 


oisp nigf 


Indirect wiinin segmeni 


j 1 1 t 1 t 1 1 1 


mod 10 I'm 




Dtrecl inlersagmeni 


1 t 1 I 1 


oflsei-iow 


otisel high 






seg-iow 




Miracl intBdCBinm 


1 1 1 t 1 t 1 1 1 


mod Oil r/m 












^JI|P,,VUIllillllMri JMRp: 








Direct wittiin stOmeni ' 


1 1 1 1 1 D 1 


'disp-low 


disp-higti 


Direct within segment-stiori 


1 1 1 1 1 t 1 


disp 




Indirect wilfiin segment 


1 1 1 1 1 t 1 1 1 


mod too I'm 




Direct intersegmeni 


1 1 1 1 t 1 


offset-low 


oflsel-high 






seg-low 


seg-high 


Indirecl intersegment 


j 1 1 t 1 I 1 t 1 


mod tot tint 





MT = 
Within s , 

Within seg. idding immed to SF 

Intersegmeni 

Iniersegmeni adding immediate to S( 
JE/JZMump on equal/iero 
JL/JME=Jump on less/nol greater 
or equal 

JU/JM'Jump on less or equal/not 
. greater 

JI/JME-Junq) on bthmr/not above 
Of aoual 

JK/JH-JiNiip on below or eipial/ 

flolaMve 
JP/Jn-Jump on parity/parity even 

JI=Jump on ovefflo* 

JI=Jum|i on sign 

JRE/JHZ'Jump on not equti/nol nro | 
JNL/JK-Jump on not lessfgmter 
or equal 



h 1 1 1 




|j 1 1 


: data-tow • i'^ '" aw^ttiBtt 1 


1 1 1 1 




|j 1 1 1 




data-htgh ] 


1 1 1 1 1 


disp 




[O 1 1 1 1 1 


disp 


|0 1 1 1 1 1 1 


disp 


[01110010 


dhsp 


[b 1 1 t 1 1 


disp 


|0 t 1 1 t 1 


disc 


jo 1 1 1 


disp 


jo 1 1 1 1 D D 


disp 


lO 1 1 1 1 1 


disp 


[O^t 11110 1 




|0 I 1 I 1 1 1 1 


disp 





7 6 5 4 3 110 


7 15 4 3 110 


Jil/JU Jump on iTot Cwlow/above 

or equal 
JNU/JA Jump on not below or 

equal /above 
JV/JPI Jump on not par /par oOd 


1110 11 


disp 


1 1 I t 1 t 


disp 


t 1 I 1 1 t 


disp 


JM^ Jump on not overflow 


1 1 1 t 


disp 


in Jump on not sign 


1 t 1 t 1 


disp 


LOOr Uop CX limes 


t 1 1 1 


disp 


LOOPZ/LOOPE Loop wtiile lero/equal 


I 1 t 1 


disp 


LOOPHZ/LOOPNE Loop while not 
JCXZ Jump on CX zero 


1 1 T 


disp 


1 t .1 t 1 


disp 


i«T iiiiimii 






Type specified 


110 110 1 


type 


Type 3 


t t AO 1 t 




MTI mierrupt on overlhrn 


1 1 00 t 1 1 




HIT Interrupt return 


1 1 t 11 1 




PROCESSOfl CONTROL 






CIG Clear carry 


111110 




CMC Complement carry 


11110 10 1 




STC Set cairy 


1 1 1 1 t D t 




CIO Clear diiection 


1111110 




STI Set dirMlion 


1111110 1 




CLI Dear interrupt 


1 1 1 1 1 1 J 




STI Set mierrupt 


1 1 1 ! 1 1 I 




HLT Hall 


1 t 1 1 1 




WAIT Wail 


10 1 .1 ,0_ 1 1 




EU Escape ito exerntf ttvicet 


I'-'i o-iTif jfji X 




LOCK Bus lock prefix 


I 1 I 1 qaflfl,^ 






= S-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 

VS < Data segment - - 
ES - E»tra segment ' . 

:Above/below refers tO'unsigned vaiue: 
Greater - more positive; 

less = less positive (more negative) siljned values 

fit tf = 1 thin "10" ras; if d = ihtn "from" no 

iif w - 1 then Mofd imnct^if m ^:0. ltNii;Jivtt InAftictioii- 



I. 1 

if s:w = 01 then 16 biis ot immediate data fonn-tte operand " ' 

if s:w = 1 1 then an immediate data byte is sigir extended to j 

form tfie 16-biI operand. j 

il v = then "count" = 1: if v = 1 then •■count" in (CL) . j , , 5 

x = don't care . ■ , - 1 . - ■ ■ - ^ . 

z is used for siring primitives tor eompyjsM writhZ.F FlAg, • ' ; 

SEGMENT OVERRIDE PREFIX "' r 1 ... , j 

I 10 1 r»| 1 nn j 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DiSP = 0*. disp-low and disp-high are absent 

if mod - 01 then DISP ^ disp-low sign-extended to 16-bits. disp-higtlWf WSi iit"'" ' 

it mod = 10 then DISP ^ disp-high: disp-low 

il r/m . 000 then EA - (BX) • (SI) • DISP ' ".i--irf 
if r/m - 001 then EA = (BX) » (01) • DISP 

if r/m = 010 then EA = (BP) ♦ (SI) • DISP • . 

il r/m - Oil then EA - (BP) • (Dl) • DISP 

K'im.- 100 "I"! E* ■ (SI) • DISP " ; 

H r/n • 161 then EA ' (Dl) • nsf> 

if r/m < llOtlim EA ' « MSP* 

if r/n - 111 tlMn EA - (BX) • MSP 

nSPtoHom M l^af Imtwellwi (Deliire data il required) 



'nctpt It mod - 00 and ilm • 110 then EA ° disp-liigh: dlsfi-low. 



REG IS assigned according 10 the following table 



16-811 |» ■ II 



000 AX 

001 CX 

010 DX 

011 BX 

100 SP 

101 BP 
110 SI 



6B11 1» ■ 01 



000 
001 
010 
oil 

100 
101 



110 OH 



Instructions wbich reference the flag register file as a 16-bit obiett use the sirinbol FLAGS to 
represent the file: 

FLASS - X:X:X:X;(OF):;(DF):(IFj!(TF):(SF):(ZF):j;:(AF>:X:(PF);X-(GF) 
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8284A 

CLaCK GENERATOR AND DRIVER FOR 
iAPX 86, 88 PROCESSORS 



GmwmtAS Ihe^ysten^ clock lot the 

■ ^ ■ , ■■■ ■ ■ tfi...- 

Uses a Crystal or a Ttl^ Signal for 
Frequency Source 

Provides Local READY and Multibus™. 
READY" SynchroftlS^tlon 



» 18-Pln Package 

■ Sbif^e +SV P^wer Supply.^ 

■ Generates System Reset Output from 
Schmitt Trigger Input 

■ Capable of Clock Synchronization with 
Other 8284AS 



1IES - 



XI- 
X2- 










xtAl 




OSCILLATOR 


— 1 I.. 
•At 1 '^i ' 1 > t 


. ' .' .1 



D 

4CK 




Figure 1. S284A Block Diagram 



CSYNC C 
PCLKH 
AiNlC 

RDY2II 

3SfN2|I 

clkC 



CLK 



8284A 

5 14 

6 13 

7 12 

8 11 



□ vcc : 

□ XI 
11X2 

□ ASVNC 

□ eh 

□ f/5 

□ osc 

□ rIs 



Figure 2. 
8284A Pin Configuration 
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Tabid. Pin Description 



Symbol 


type 


Name and Function 


aenT, 

AEN2 


1 


Address Enable: AEN is an active LOW 
signal. AEN serves to qualify its respective 
Bus Ready Signal (RDY1 or RDY2). AEN1 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Muiti-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 


RDY1, 
RDY2 


1 


Bus Ready: (Transfer Complete). RbY Is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
by AEN2. 


ASYNC 


1 


Ready SynchronlzatlQn Selact: A^YNC is an 
input which defines the synchi'bhization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization are 
provided. WhenASYMC4aieft.opienjor.HIGH a 
single stage of READY synchronization Is 
provided. 


READY 





Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 


XI, X2 


1 


Crystal In: X1 and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


F/C 


1 


Frequency/Crystal Select: F/C is a strapping 
option. When strapped LOW, F/C permits the 
processor's clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK Is gener- 
ated from the EFl input. 


EFl- 


1 


External Frequency: When F/C Is strapped 
HIGH, CLK Is generated from the input fre- 
quency appearing on this pm. The input 
signal is a square wave 3 times the frequency 
of the desired CLK output. 



FUNCTIONAl£|li©GRIPTION J. J 
General 

The 8284A is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal- 
controlled oscillator, a dlvlde-by-thrse counter, com- 
plete MULTIBUS™ "Ready" synchronization and reset 
logic. Refer to Figure 1 for Biocl( Diagram and Figure 2 
for Pin Configuration. 

Oselllalor 

The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
Is derived. 



Symbol 


Type 


Name and Function 


CLK 





Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor's local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is V3 of the crystal or EFl Input frequency and a 
Vs duty cycle. An output HIGH of 4.5 volts 
(Vcc= 5V) £9 pfOylded oh this pin to drive MOS 
devices. 




r\ 
U 


Keripnsrai wiock. nULrv is a ml levei pe- 
ripheral clock signal whose output frequency 
is V2 that of CLK and has a 50% duty cycle. 


OSC 





Oscillator Output: OSC is the TTL level out- 
put of the internal osclliator circuitry, its fre- 
quency is equal to that of the crystal. 


RES 


1 


Reset In: RES is an active LOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 






power-up reset of proper duration. 


RESET 





Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. Its 
timing characteristics are determined by 
RES. 


CSYNC 


i 


Clock Synchronization: CSYNC Is an active 
HIGH signal which allows multiple 8284AS to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFl. When using the Internal os- 
cillator CSYNC should be hardwired to 
ground. 


GND 




Ground. 


Vcc 




Power: -I-5V supply. 



The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
Input crystal connections. For the mQ,st.St^ble operation 
of the oscillator (089) output circuit, two serle^ resistor's 
Of y Ra = 510jj)) a^ shown in the waveform figures are 
PQeSpraended^-lllie Output of the oscillator is buffered and 
brought out on -OSC-sa that-other-system timing^-sigRalfr' 
can be derived from this stable, crystal-controlled source. 

For systems which have a Vqq ramp time 3= 1 V/ms and/or 
have inherent board capacitance between XI or X2, ex- 
ceeding lOpF (not including 8284A pin capacitance), the 
configuration in Figures 4 and 6 is recommended. This 
circuit provides optimum stability for the oscillator in such 
extreme conditions. It is advisable to limit stray ca- 
pacitances to less than lOpF on XI and X2 to minimize 
deviation from operating at the fundamental frequency. 



m 
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Clock Gwieraiop ' 

"fh^ dtock generator consists of a synchronous dlvide- 
by-three counter with a special clear input that inhibits 
the counting. This clear Input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as {mother ,6284^, cIpcjO- It l,s necessary to syn- 
chronize theCiSYNti fhput'to the EFI clock external to 
the 8284A. This is accomplished with two Schbttl(y flip- 
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the cloci^ for the ^3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 

Clock Outputs 

The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the lAPX 86, 86 processors directly 
SPCtKTs a TTL level peripheral clock signal whose out- 
jput f Fequenoy is that of CLK. PCLK has a 50% duty 



iiliiin.bgfc 



The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
tinning. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to 
provide power'on reset by utilizing this function tif'the 
8284A. 

READY Synchronization ^ 

TWoREADY Inputs (RDY1, RDY2) are provided to accom- 
modate two M ulti-M aster syste m busses. Each i nput 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. If a Multi- 



Master systemS0««M(%Ni«MnMiER|)iill^liillU«il» 
tied LOW. 

Synchronization is required for all asynchronous actiyfk' 
going edges of either ROY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of RKqjeraf|tjMg^^jg,j/, , j^<;;.% 



The ASYNC input .Settnes- twa mod^-ot' 



-ey**- 



When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first tse syn? 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to fiip-fipp two at the next failing 
edge of CLK, after which time the READY output will go 
|uBtiv$ iHl^tH), jtggjMiyeriiolniBjt^^ READY inr 

puts will be syi|telit«iiia8iidirBotly to flip-flop two at the 
faning-j^r^t g:K. .atteinwhich time the ready eutput 
will go iniidfvel'fhis mddib^of operationiis Intended for use 
by asynchronous (normally not ready) devices in the syi 
tern which cannot be guaranteed by design to meet thi 
required RDY setup timing, Tr^vcl. en each bus cycle. 



When ASYNC Is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK tiefore they are presented to the 
processor. This mode- is available for synchronous 
devices that can bei|£it^teed to meet the fw^citred' 
RDY setup time. 



ASYNC can be changed oil every bus cycia to select th^ 
appropriate mode of synchroHiBatMlrilcir elich deyjee In 

the systerh. ' . '• ' ~ i 



CLOCK. 
STNCfmONIZE' 



D Q 

> 



>1 




I 



- (TO OTHER «284A*) 

-n'ini''' 'if h !i -V- 
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>?1i^re3. CSYNC Syqchronizati^ 



8284A 



[Pl^iLOliilDMAI^ 



Temperature Under Bias O'C to 70°C 

Storage Temperature . ► , , . . . .-65°Cto +150°C 

All Output and Supply \^oi%!^|^ J-,. ... . . . -0.5V to +7V 

^'JJ"Fiy?l'^r,",i^-5«4!iS9! ^.^r- 1:PY?° #;MV 
D.C. CHARAGTERlS^W^tP't-c tefb%'f^'£5V± 10%) 



a' -.f,-; 'NOTICE: Stresses above those listed under "Absolute 
■ * Maximum Ratings" may cause permanent damage to the 
device. This Is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation Is not Implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Symtiol, 


Parameter 


MIn. 


Max. 


Units 


Test Conditions 


If 


Forward Input Current (ASYNC) 
Other Inputs 




-13 
-0.5 


mA 
mA 


Vf = 0.45 V 
Vf= 0.45 V 


Ir 


Reverse Input Current (ASYNC) 
Other Iriputs 




'BO 


mA 
(iA 


Vr= Vco 
Vfti=R2SV 


Vc 


Input Forward Clamp Voltage 




-1.0 


V 




Ice 


Power Supply Current 




,162 


mA 




■ VlL 


Input LOW Voltage 




• , ■ r'AB' .: 


V 




V|H 


Input HIGH Voltage 


2.0 


.»r„-;; 


V 




VlHR 


Reset Input HIGH Voltage 


2.6 




V 




Vol 


Output LOW Voltage 




0.45 


V 


5 mA 




Output HIGH Vort|fi|('(St|:^ 
Other Outputs 


4 

2.4 




V 
V 


-1mA ' 
-1mA 


. V|hr-- V|lr 


RES Input Hysteresi? , 


0.25 




V 





TIMING REoumeiyiiiMi**?' -■'^^^ --' ' - ^Pi^^ ' 



Symbol 


i,:',5:.i«rfm«tor,.;£,:, )c;r)i e-^-v-' 


MIn. 


Max. 


Units 


Test Conditions 


tEHEL 


External Frequency HIQW'Tfta^' ' ' 


f 13 




ns 


'90%-&0% V|N 




External Frequerjgi^J|.g|/y TliT!9 . W. ^ 






ns 


10% -10% V|N 




1' EFI Period -C' hbo- j)fii >qoii.i<; 






ns 


(Note 1) ; . 




XTAL Frequency m.:.78Y* 6 


IT s fi ■ 


30 


MHz 






fflavCROWActlvrSetupToCLK 


• m ~ 




lis 


ASYNC = HIGH 


tRlVCH 


RDY1, RDY2 Active Setup to CLK 


35 




ns 


ASYNC = LOW 


tRIVCL 


RDY1, RDY2 Inactive Setup to CLK 


35 




ns 




'OLRIX 


R0Y1, RDY2 Hold to CLK 







ns 




*AYVCL 


ASYNC Setup to CLK 


50 




ns 




tCLAYX 


ASYNC Hold to CLK 







ns 




tAIVRIV 


AEN1, AEN2 Setup to RDY1, RDY2 


15 




ns 




*CLA1X 


AEN1, AEN2 Hold to CU!fr|u ^ j 


^-M — - 




ns 




tvHEH 


CSYNC Setup to EFI ' ' - ; 


• t 20 




ns 




tEHYL 


CSYNC Hold to EFI 


20 




ns 




'yhyl 


CSYNG Wdth ' 


2-tgUL 




ns 




t|1HCL 


RES Setup to CLK 


65 




ns 


(Note 2) 


•CLIIH 


RES Hold to CLK 


20 




ns 


(Note 2) 




. Input Rise lime 




20 


ns 


From 0.aVto2.0V 


tlLIL 


Input Fall Time " • 




3' ' 12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) ' : " v v&v, 
TIMING RESPONSES - 



Symbol 


Parameter 


iillin. 


Max. 


Unita 


vl 1MM Conditions 


'CLCL 


CLK Cycle Period 


100 




ns 




*CHCL 


CLK HIGH Time 


(Vz tcLCL)+2 for CLK Freq. s 8 MHz 
tcLciJ + e for CLK Freq. = 10 MHz 




ns 


Fig. 7 & Fig. 8 


tcLCH 


■ — ■■ ' — r~\ r' 

CLK LOW Time ..' •■ 


(% tcLCL)-15 for CLK Freq.«8 MHz 
tcLCL)-14 for CLK Freq.^lOMHt 




ns 


Fig. 7 & Fig. 8 


tcH1CH2 


CLK Rise or Fsll Time 




10 


ns 


1.0V to 3.5V 


tpHPl 


POLK HIGH Time 


tcLCL-20 




ns 




*PLPH 


POLK LOW Time 


'cLCL-20 




ns 




tfiYLCL 


Ready Inactive to CLK (See Note 4) 


~8 




ns 


Fig. 9 & Fig. 10 


tRVHCH 


Ready Active to CLK (See Note 3) 


(%tcLcJ-15 for CLK Freq.sS MHz 
C»tciciJ-1*ferCLK Freq.=10 MHz 




ns 


Fig. 9& Fig. 10 


tcLIL 


CLK to Reset Delay 




■40 


ns 




♦C LFH " 


- -CtK^PCLK HIQH DELAY 


1 


22 


ns 




'CLPL 


CLKtoPfeottOW-DBtar 


_.,_jr 


22 


ns 




toLCH 


OSato'CLK HIGH Delay ' 




22 


ns 




toLCL 


OSC to CLK LOW Delay 




35 


ns 




V>LOH 


Output Rise Time (except CLK) 




20 


ns 


From 0.8V to 2.0V 


toHOL 


Output Fail Time (except CLK) 


eC-- IKT- \v: .4(1 r. : -1 




T ■- 


Froijfi^Oy toMY 



NOTES: 

1. d= EFI rise (5 ns max) + EFI fail (5 ns max). — 

2. Setup and hold necessary only to guarantee rscognltion at next doek. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 atates. 



> CIRCUIT 

-p yL-a.oev 

1 > Bt-MSO 



lOqpF FOR cut 
Cl- 30pF for ready 

~f — V 



^OrTESTIfra INPlk-^UTPIfl^ Wil^^ ^ 



mPUT/OUTTOT 




- TE(T POINTS - 



A.C.TESnNS: INPUTS ARE DRIVEN/a'24VF0RAL0QIC-1~M«>IM5VFDR 
A' LOGIC 0.- TIMING MEASUREMENTS ARE MADE AT l.5y FOR WtSm A 

LOGIC -r.AND -0.- 



-A^erTESTING I 



WAVEFORMS 



CLOCKS AND RESET SIGNALS 



.niM 




NOTE: ALL TIMINa MEASUREMENTS ARE MADE AT t.S VQLTS. UNLESS OTHERWISE NOTED. 



.Jioolo f>:»n )B nolhoQor*-! aeinsisuf, 



. ST ot ylr-,. 



READY SIGNALS ASYNCHRONOUS DEVICE) 
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READY SIGNALS (FOR SYNCHRONOUS DEVICES) 



RDYIj 



A1R1V-»^ 



UWGL 



"L 



f /JO 

I 

i 



— ^- 



24 MHz d) 



1 I" I 



X1 CLK 
X2 
RC 



LOAD 
(Stf M^E 1> ; 



Ri - R2 - sloa 



Clock Hli^ and Low Time (llsh^ XI, X2) 



PULSE 




EFI CLK 




LOAD 


OENERATOR 






(SEE NOTE 1) 




Vcc 


FIS 












CSVNC 









Clock High and Low Time (Using EFI) 

'lid 
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Vcc 



"2 I Bl 



24 MHz CD 



PULSE 
GENERATOR 
TRidiiaER 



XENT CLK 
XI 



READY 



X2 



RDY2 OSC 

F/C 

AEN2 

CSYNC 



LOAD 
(SEE NOTE 1) 



LOAD 
^ XSeE N0TE2) 



r 



R, = R2 - Sloa 



Read y to Clock (Ujilng XI, X2) 



PULSE 
GENERATOR 



TRIGGER 
PULSE 

kTiUU 



Vcc 

b 



EFI CLK 



F/C 

RDY2 
](ER2 
CSYNC READY 



LOAD 
(SEE NOTE 1) 



LOAD 
(SEE NOTE 2) 



J L_S_ 



Ready to Clock (Using EFI) 



-i 1 



1 

I 
i 



{H3 s-Ai«y) amtr wciJ bM tUfiiH x!oolO 

m 




8282/8283 
OCTAL LATCH 



■ Address Latch for iAPX 86, 88, 
MCS-80®, MCS-85®, MCS-48® Families 

■ HiQh Output Drivf Capability for 
driving System Data Bus 

■ Fuliy Parallei 8-Bit Data Register and' 
Buffer 

■ Transparent during Active Strobe 



;w3.iSUf«>0{lltHit8 1 

>, i 

■ 20-Pin Pacicage witli 0.3" Center 

I o , : ■ ■- r ■ ■ T. " ; ' ' ' ■.■ T | 

■ Np Output Low Noise whert Entering 
ortbMving High tonpodnnea^State 

. V-S 16 ,-,T,_- - <•-■ ■ ■ ■■: 



The 8282 and 8283 are 8-blt bipolar latches with 3-state output buffers. They can be used to implement latches, buffers 
or multiplexers. The 8283 inverts the Input data at Its outputs while the 8282 does not. ThuSi all pf .the principal perlph 
eral and Input/output functions of a microcomputer system ( 




P7^ 



OE I ISTB, 




D Q 



-H 

-Jl 



.-n 



.J- 




oioC 
01, c 

012C 
DI3C 

D1,C 



□ Vcc 

□ DOo 

□ DO, 

□ DO2 
3DO3 
3DO4 
JOOs 

□ 006 

□ DO7 

□ «Ta 



DIoC 

DI2C 
DI3C 
DI4C 
OI5C 
016 C 
OI7C 

oIC 
ondC 



DVcc 

□ 005 

□ DOT 

□ DOi 
305i 

□ ooi 

□ Boi 

nooj 

3 STB 



Ftgural. Logic Diagrams 



Figure 2. Pin Conllgurations 
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Table 1. Pin Description 



Pin 


DM<a1|itien HI'' ^ 


STB 


STROBE (Input). STB is an input control 
pulse used to strobe data at the data Input 
pins (A0-A7) Into the data latches. This 
signal is active HIGH to admit Input data. 
The data Is latch^ g!Ny|9«^§i^:|q[ LOW 
transition of STB. 


5E 

',('■■■1 


OUTPUT ENABLE (Input). SE Is an input 
control signal which when active LOW 
eiiabies the contents of the data latches 
onto the data output pin (B0-B7). OE t>elng 
inactive HIGH forces the output buffers to 
their high impedance state. 


DI0-DI7 


DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time re- 
quirements .,when STB is strobed and 
latched Into the data input latches. 


DO0-DO7 

(8282) 

<9283»' - 


DATA OUTPUT PINS (Output). When oi is 
true, the data In the data latches is pre- 
sented ia»-1n««i<te#-i02S3) olF-nofHnverted 



FUNCTIONAL DESCRIPTION 

The 8282 and 8283 octal latches are 8-bit latches with 
3-stafe output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line In its active HIGH state makes the latches appear 
transparent. Data Is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are In their high impedance state. 
Enabling or disabling the output buffers will not causa 
negative-going 
bus. 



B 



i ' ■ 
I, 



: \ 



! 

A 
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ABSOLUTE MAXIMUM RATINGS' 



Temperature Under Bias "C to 70 

Storage Temperature -65*C to + 150°C 

All Output and Supply Voltages. r- 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratmgs" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not Implied. Exposure to absolute maximum 
rating con0lona for extended imrlods may affect device j 
reliability.'^ \ 



1 

b.C. CHARACTERISTICS (Vcc = 5V ±io%, Ta = o-c to 70°C) 


Symbol 


Parameter 


Mr.;. 








Vc 


Input Clamp Voltage 




- 1 


V 


lci»9J WWr TOTTISC 


, 'cc 


Power Supply Current 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


Vf = 0.45V 


Ir 


Reverse Input Current 


T 


50 


hA 


Vr = 5.25V 


Vol 


Output Low Voltage 


1 

■<, 


.45 


V 


loL = 32 mA 


VOH 


Output High Voltage 






V 


•oH = r5mA 


'off 


Output Off Current 




± 50 


hA 


VoFF =1 0.45 to 5.25V 


V|L 


Input Low Voltage 




0.8 


V 


Vcc = 5 0V See Note 1 


V|H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V See Note 1 




Input Capacitance 




12 


PF 


F=1 MHz 

Vbias=^2-5V, Vcc = 5V 


NOTB: 



jl. Output Loading loi.>32mA, Ion" -SmA, Ci.=300pF. 

A.C. CHARACTERISTICS 



(Vcc = 5V ±10%, Ta = o^c to 70°c 
Loading: Outputs — lot = 32 mA, Iqh ' 



-5 mA, Cl = 300 pF) 



Symbol 


Parameter 


Min. 


Max. 


Unlta 


Test Con.. 1 


TIVOV 


Input to Output Delay 
— Inverting 

— Non-Inverting 


5 

5 


22 
30 


ns 
ns 


(See Note 1) 


TSHOV 


STB to Output Delay 
— Inverting 
— Non-Inverting 


10 
10 


40 
45 


ns 

ns 




TEHOZ 


Output Disable Time 


5 


18 


ns 




TELOV 


Output Enable Time 


10 


30 


ns 




TIVSL 


Input to STB Setup Time 







ns 




TSLIX 


Input to STB Hold Time 


25 




ns 




TSHSL 


STB High Time 


15 




ns 




TILIH, TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTE: 

1. See waveforms and test load circuit on following page. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



•eOHJTAfl MU««!XA?v; STj.K;38A 



INPUT/OUTPUT 



1.5 — T TEST POINTS "-IS 



ACTESTINE INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 ANDOISVFWI 
A LOOIC TIWKG MEASUREMENTS ARE MADE AT 1 SV FOR BOTH A 
LOQIC V AND -0." 

( ■ "■'C ; jsT" ^ 3niM ' »t ' vW t niiiB' 't 



OUTPUT TfiST LOADdeiRCUITS 





















V 







OUT O- 



J6« V 



33S 



^3aopF 



4= SOOpF 



300pF 



«wiTeHma 



u 



/8 o; VO.? rf.oiH 



en 

8(1 



-4 - - 



I 

-| 



8282/8283 



WAVEFORMS 



cs 



OUTPUTS 



SHSL J >- 



i-TSLIX' 



; sua slsU r^tjtaif/: 



> < 



tf.: 



NOTE: 1. 8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 




8286/8287 
OCTAL BUS TRANSCEIVER 



■ Data Bus Buffer Driver for iAPX 86,88, 
MCS-80™, MCS-85™^and MCS^AST" 
Famffles 

4 High Output Drive Capabili^i^ 
Driving System Data Bus 

■ _f H"y P?r?"®' 8'^'* Transceiv er^" 



■ 3-State Outputs — V 

■ 20-Pin Paclcage with 0.3" Center 

"~iif~No" Output Low Noise when Entering 
or Leav ing High jmpedance State 



the 8286 and 8287 are 8-bil bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its output^ 
vKhile the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 



1 



-J- T. 



E3-R "^"If^ 



I -"^^WH 



-T 




Figure 1. Logic Dtagramft 



AoC 




>■ 




AoC 


l^ 


20 


□ Vcc 




2 


19 






2 


19 


3^0 


AaC 


3 


18 


□ Bl 


""asC 


3 


liB 


□ Bl 




4 


17 


□ 82 


A3C 


4 


17 


JB2 




5 

8286 

6 


16 


□ B3 


A4C 


S 


16 


11 


ASC 


15 


□B4 


A5I: 


8287 

6 


15 


jSi 


AeC 


7 


14 


□ B5 


AsC 


7 


14 


□ Bi 


A/C 


8 


13 


□ B6 


A7C 


8 


13 


□ Se 


oeC 


9 


12 


□ 87 




9 


12 


□ B7 


gndu 


10 


11 


□ T 


GNOC 


10 


11 





OAOJ •14 



P^urs 2. Pin Coflftguratldns 



Table 1. Pin Oescrlptton 









Symbol 


Type 


~ " Name and FuncHen 


T 


1 


Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver's B0-B7 as outputs with A0-A7 as inputs. T LOW configures A0-A7 as 
the outputs wfith B0-B7 serving as the inputs. 


6e 


1 


Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal Is active LOW. 


A0-A7 


I/O 


Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's 
local bus depending upon the state of the T pin. 


Bg-B7(8286) 
B5-§^(8287) L 


I/O 

n T.' ■ 


System Bus Data Pins: These pins serve to either present data to or accept data from the system 
bus depending upon the stale the T p^n,- 



FUNCTIONAL DESCRIPTION 




The 8286 and 8287 transceivers are 8-blt transceivers with 
fiigh impedance outputs. With T active HIGH and OE ac- 
tive LOW, data at the A0-A7 pins is driven onto the B0-B7 
^ns. With T inactive LOW and OE acth« LOW, data at the 



B0-B7 pins is driven onto the A0-A7 pins. No_ output low 
glitching will occur whenever the transS^fS §re enter-, 
ing or leaving the high impedance state. 



■fiJlT",;- 
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TEST LOAD CIRCUITS 



1JV 



ill'!' 



— outo- — 



~3(»|lF 



3 STATE TO Vql 



it: 100 |)F 



3-STATE TO Vol 



•■stfij vif P^''"P:^T,a ( sfi) is;./:.:! i,Tw iu. 30 lii* Briiii'.'..*sO'''''''-yi JO bno HO..--! 'xi: ;s ' ■. . -SaPJiWI.. 



:f:3MpF 



-plOOpF 



a-STATE TO VOH 

B OUTPUT 



3-STATE TO VoH 

A OUTPUT 



A OUTPUT 
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ABSOLUTE MAXIMUM RATINGS* 



iTemperature Under Bias 0*C to 70'C 

iStorage Temperature -6S*C to + 150°C 

All Output and Supply Voltages -0.5V to + 7V 

jAII Input Voltages - 1.0V to + 5.5V 

iPower Dissipation 1 Watt 



'NOTICE: Stresses above those llate<£AAft^'^MeeiUli) 
Maximum Ratings" may cause permanent damage to tfts 
dWro(CWh'iraTafsss mihgisnirmtt'tari^ 
tion of the device at these or any other conditions abov6 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect devict 
reHablllty. 



D.C. CHARACTERISTICS (VcG =--t5y.jt.1fl%._TA= o°cto70°C) 





PflrflmAtAr 
raiaiiioioi 


MIn 


Max 


Units 


TaaI CAndltlnnft 


Vc 


Input (^4mp Voltage 




-1 


V 


lc=-5mA 


'ec- 


• Power Supply Current— 8287 




130 


mA 




—8286 




160 


mA 






Forward Input Current 




-0.2 






If 




mA 


Vf = 0-45V 


Ir 


Reverse Input Current 




50 


mA 


Vr= 5.25V 


Vol 


Output Low Voltage —B Outputs 
—A Outputs 




.45 
.45 


V 
V 


lOL = 32 mA 
lOL = 16 mA 


VOH 


OutpLiI Hiah Vnltaae — BOufnut'^ 


? f. 




V 


loH = -5 mA 

iOH= -'' 


Iqff 

lOFF 


Output Oft Current 
Output Off Current 




If 
Ir 




VoFF = 0.45V 
VoFF = 5.25V 


V,L 


Input Low Voltage —A Side 
— B Side 




0.8 
0.9 


V 
V 


Vcc = 5.0V, See Note 1 
Vcc = 5.0V, See Note 1 


VlH 


Input High Voltage 


2.0 




V 


Vcc -5.0V, See Note 1 




Input Capacitance 




12 


pF 


F = 1 MHz 

Vbias = 2:5V, Vcc = 5V 
Ta=25*C 



NOTE: 

1. B Outputs— loL = 32 ""A, loH = -5 "lA, Cl = 300 pF; A Outputs— lot = 1* "lA, Iqh = ^1 "lA, Cl = 100 pF. 



A.C. CHARACTERISTICS (Vqc = +5V ±10%, Ta = o°c to 70°C) 

Loading: B Outputs— Iol = 32 mA, Iqh = -5 mA, Cl = 300 pF 
A OutRjjte— loL = 16 mA. lo^"= -1 mj^ Cl = 100 pF 



Symbol 


Paiinwtor 


MIn 


Max w 


Units 


Test Conditions 


TWOV 


;v Input to Output Delay 
"Tnvertlng 

Non-lnvertinq 


5 
5 


22 
30 


ns ^ • 
ns 


(See Note 1) 


TfeHTV 


Transmit/Receive Hold Time 


5 




ns 




TTVEL 


Transmit/Receive SetuD 


10 




ns " - 




TEHOZ 


OutDUt Disable Time 


5 


18 


ns 




TELOV 


OutDut Enatile Time 


10 


30 


ns 




TIUH, 
TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8 V to 2.0V 


TIHIL, 
TOHOL 


"input, Oiiiput Fall time 




12 


ns 


From 2.0V to B.OV 



NOTE: 

1. See waveforms and test load circuit on toMMMliMA^^ V^- i»c.ruO 
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WAVEFORMS 



0E 



i-TIVOV- 



/ 1 



TEHOZ ^ TELOV- 
VOH - .IV 



fOL + .IV \. 



>r Vol + .IV 

-TEHTV 



;''i.)uC -J- - 

V.Mfi)0 A- 



I 



-NOTE: 



;1. All timing ipeasursments are mads at 1.^y unless oth|);plss neftad. 
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.j 


200 


400 too soo 
pFLOAD 
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